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BBenenue

[IpoToH-aHTUIIPOTOHHBIA KoJutaiiaep TaBaTpoH Ha 3Hepruio ~ 2 TsB B
cucteMe IeHTpa macc jaboparopun um. Pepmu (Pepmmnad) B CIHIA mo
HACTOSIIEE BpPEMsSI OCTAETCs KPYIHEHIIMM yckopuTeiaem B mupe. OgHoil u3
OCHOBHBIX YCTaHOBOK, paboTtaromux Ha TaBaTpoHe, siBisieTcss ycraHoBka DO
[1,2]. TnaBHBIME 3a7ayamMH 3KCIICPUMEHTOB HA JTOH YCTAHOBKE SIBJISIOTCS
npoBepka npeackazanuii CTaHZApTHOW MOJENIM U MOUCK HOBBIX YaCTHUIl U
SIBJICHUU 3a €€ IIpeleIaMH.

Ko BTOopomy ceancy pabotsl TaBaTpoHa, koTopbiii Hadancs B Mapte 2001
r., ycranoBka DO Obuta cymiecTBeHHO MojepHu3upoBaHa [3], 4TO OBLIO
CBSI3aHO CO 3HAUYMUTEIbHBIM TMOBBIIICHUEM CBETUMOCTH Kojulaiaepa. B
YaCTHOCTH, ObUIM CO37aHbl HOBBIE JETEKTOPbI B MIOOHHOW CHCTEME s
perucTpanu 1 uIeHTU(UKAIIMEY MIOOHOB. MIOOHHAs cucTeMa JI0JKHA Oblia
OCyIIECTBIATh 3(PPEKTUBHYIO BBIPAOOTKY TpUITEpa U HUIACHTUPUKALUIO
MIOOHOB B OOJIBIIIOM TEJIECHOM YIJI€ B IIMPOKOM JUANa30He UMITYJIbCOB U MPHU
Hu3koM (Qone. K Bakneliemy M3 HOBBIX JIETEKTOPOB MIOOHHOM CHCTEMBI
OTHOCHUTCS pa3paboranHass u co3gaHHas B HMDBD cucrema uz 4214
TPUITEPHBIX CUMHTWUISILMOHHBIX  cyeTyukoB. CucTemMa pacnojiokeHa
CUMMETPUYHO OTHOCUTEIBHO TOYKH B3aUMOJCHCTBUS MPOTOHHOTO U
AHTUIPOTOHHOTO IMYyYKOB, MO TPHU CJIOSI CYETYUKOB C KXI0H U3 ABYX CTOPOH.
OGutast IOk JeTeKTopa coctapiser ~ 450m°. Pe3yabTaroM BBEICHHS B
YCTAaHOBKY 3TOM OOJIBIIOW CHCTEMBI SBHJIOCH 3HAYUTENbHOE YBEIUYECHUE
3¢ (HEeKTUBHOCTH BBIPAOOTKH TPHUITEpa IMEPEIAHEH MIOOHHON cuCTeMbl [4]
ycranoBku DO Bo BTOpoM ceaHce Oiaromaps HOBBIM CHMHTHILUISLUOHHBIM
CUETYHKAaM C XOpOIIMM BPEMEHHBIM Pa3pelieHuEM U TOHKOM CerMeHTalueH.
CucrtemMa HTHX CYETYHMKOB HCIOJIb30BANACh [UIsl TPUITEpa HA MIOOHHI,
oOpa3oBaHHBIE B pe3yjbTaTe MNPOTOH-AaHTUIPOTOHHBIX B3aUMOJCHUCTBUN B

Kotaiaepe ToBaTpoH, a Takke I MPENOCTaBICHUS HH(OpMAIMU 10
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BPEMEHHU MPOXOXKACHHUS 3THX MIOOHOB Yepe3 JAETEKTOpP, UYTO KpailHe Ba)kKHO
JUI. PEKOHCTPYKIMM TPACKTOPHM MIOOHOB C HCIIOJIb30BAHHEM MIOOHHBIX
TPEKOBBIX Kamep. TOHKas CerMeHTAlUsi U XOpolliee BPEeMEHHOE pa3pelieHue
ATUX CYETYUKOB TO3BOJIMIM 3HAUYUTEIBHO MOJNABUTH ()OH OT KOCMHYECKHX
MIOOHOB, a TaK)X€ OT MIOOHOB, OOpa30BaHHBIX 3a MpeAeaMU BPEMEHHOrO
MHTEpBaJa U1 JAHHOTO KOHKPETHOTO COOBITHS.

Henbo auccepTaluoHHOM padoOThHI sABiIIETCS pa3paboTKa W CO3/1aHUE
cucteMbl u3 4214 TpurrepHbIX = CHUHTWIUISIUOHHBIX  CYETYHKOB,
UCCJIEIOBAaHUE HUX XapaKTepUCTUK MU aHaIU3 KOHTPOJS CTaOMIBHOCTH WX
paboThl BO BpeMs MPOBEACHUSI SKCIEPUMEHTOB JJIs MOIyUYEHHUS (PU3MUEecKUX
PE3yJIbTATOB.

ABTOp 3amIUIAET:

e cozganue B ['HI] MPBDO npu akTMBHOM y4acTHUH JUCCEPTAHTA TPUTTEPHOIO
neTekTopa Ha ocHoBe 4214 CUMHTWUISIMOHHBIX CYETUYUKOB C TMOJHOU
IJIOIIAAbI0 CIIUHTUILISATOPA ~ 450m°,

® pa3pabOTKy METOJUKM KAJIUOPOBKH CHCTEMBl CHUHTHIJUISIIMOHHBIX
CUETYMKOB Ha YCKOPUTEIbHBIX MIOOHAX, MOJYYEHHBIX B PE3yJbTare MPOTOH-
AHTUIIPOTOHHBIX CTOJIKHOBEHUU Ha TABaTpOHE.

® METOJbI aHAJIN3A JIAHHBIX U Pe3yJIbTaThl KATMOPOBKM HA CBETOAMO/AX U HA
YCKOPHUTEIbHBIX MIOOHAX.

Hanexnass pabGora B Teuenwe Oonee cemu Jer cucrtembl 4214
CIMHTWUISILIMOHHBIX CUETYMKOB MIOOHHOTO CIIEKTpPOMETpa B TpHUITEpE
skcriepumenta DO nmns peructpauuu penkux (U3MYECKUX TPOIECCOB C
MIOOHAMH B KOHEYHOM COCTOSIHMH, B YAaCTHOCTH, IIO3BOJIMJIA BIIEPBbHIC
O0OHapYXHUTh CTPAHHBIM KacKajHbli OapuoH E, (dsb)— mepByro uactuiy,
COCTOSIIIYIO U3 BJIEHTHBIX KBAPKOB BCEX TPEX U3BECTHBIX MOKOJICHHI.

AKTYyaJIbHOCTBH PadOThI

WHrerpanbpHas CBETUMOCTH 3a MEpPBBIN ceanc Ha TraBaTpoHe depmunada B

1992-1996rr. nns sxcnepumenta DO cocraBuma 120 6. 3arem TaBarpon
4



ObUT OCTAHOBJICH HA IATH JICT. BbUIM BBIABUHYTHI TPEOOBAHUS KapAMHAILHO
MojaepHu3upoBath ycraHoBky DO ¢ T1em, 4YroOsl oOHa oOTBedana
MPUHIMIIMAIHLHO HOBBIM YCIOBUSM Ha0Opa JaHHBIX BO BTOPOM CEaHCE,
Hayajo kotoporo Owwio 3ammanupoBaHo Ha 2001 rox. B wacrHOCTH,
OKHUJIAJIOCh YBEIIMYEHHUE CBETUMOCTH Oojiee 4eM Ha TOPSAOK. YCTaHOBKa
J0JDKHA ObUTa BBIJAEPKUBATH CBETUMOCTH JI0 3010* cmZcex™ DHepruio
CTOJIKHOBEHUW TPOTOHOB C AaHTUIIPOTOHAMU B CHCTEME IIEHTpa Macc
wianupoBanocs yeenuuuTh ¢ 1.8 TeB nmo 1.96 TsB, a Bpems mexay
«baHyamMu» (CryCTKaMu) YacCTHI[ B yCKOpHTENe COKpaTuth ¢ 3.5 Mrcek 10 396
HceK. C y4eToM 3THUX 3HAYUTENBHBIX YJIyUYIIEHUN mapameTpoB TaBarpoHa K
koHiry 2009 roga mHTErpanmbHas CBETHMMOCTb DKCIIEPUMEHTA JOJDKHA ObLia
moctnys 4—8 (1)6'1. OnHol M3 BaXKHEHIIMX 3a7a4 MOJIEPHU3ALUU yCTAHOBKU
DO Obuta pazpaboTka U co3naHue cucTeMbl U3 4214 CHMHTHIUISIIMOHHBIX
CUETUYUKOB C BBICOKMM BPEMEHHBIM pa3pelieHueM W TOHKOW CerMeHTaruei
11 GOpPMHUPOBAHUS MIOOHHOTO TPUTTEPA U UIACHTU(DHUKAIIMK MIOOHOB.

Hayuynast HOBH3HA

Co3nanHasi cuUCcTeMa CHUHTHWUIAIMOHHBIX CUCTYMKOB SIBJISETCS OJHOW M3
KPYIHEHIINX B MHUpPE, B KOJUIAWJACPHBIX SKCICPUMEHTAaX OHA MPUMEHSICTCS
BriepBble. Pa3paboTaHHbie BO BpeMs TMPOM3BOJACTBA U IKCIUTyaTalluu
CIMHTWUISIIMOHHBIX CYCTYUKOB METOIBI M3MEPCHHS UX XapaKTCPUCTUK U
KOHTPOJISI CTa0MJIIBHOCTH CHCTEMBI SIBJISIFOTCS BO MHOTOM OPHUTHMHAJIbHBIMH.
Hcnonws30BaHne TPUTTEPHOW CHUCTEMBI CYETYMKOB B 3kcrepumente DO
MO3BOJIMJIO TIOJIYYHUTh IENBIH PSAJ HOBBIX (PU3MYECKHUX PE3YJIbTaTOB, CPEIU
KOTOpBIX Hanbojee BaXXHBIMHU SIBISIOTCA HaOMIOJeHUE ociwusnui Bs-
ME30HOB [5] ¥ OTKpBITHE CTPAHHOT'O KAaCKaJHOTO =y, OapuoHa [6].

IIpakTH4yeckasi HEHHOCTH

[TonyueHHble B JAHWCCEPTAIMOHHOW paboTe pe3ylbTaTbl MOTYT OBITh

HUCIIOJIb30BaHbI IIpU  CO3AaHUU OOJILIIMX CHCTEM CIUHTHUIIIAITMOHHBIX



CUETYMKOB Kak B Hameil crpane (OUSIU, USIN PAH, USID PAH, HUUAD
MI'Y, ®U PAH), tak u 3a pyoexom (LIEPH, depmuinad).

Crpykrypa nuccepranum. Jluccepranys COCTOUT U3 BBEACHUS, IISITU TJI1aB
Y 3aKJIH0YEHUS.

B nepBoii riaBe nuccepTalyy M3JIOKEHBI HAy4YHBIE LIEJIH JDKCIIEPUMEHTA
DO, mpencraBieHa cxeMa yCTAaHOBKHM TEKyIIero (BTOpOTo) ceaHca, a TaKKe
ONMCaHbl MIOOHHBIE IETEKTOPHI YCTAHOBKH.

Bropasi rnaBa noOCBsILIEHA CHUCTEME TPUITEPHBIX CUUHTUIUIALMOHHBIX
CYETYUKOB IS NEPEIHEN MIOOHHOM CHCTEMBbI. B HEl onmcaHa KOHCTPYKLUSA
CUETYMKA, H3JI0KEHbI NPOLEAYphl OTOOpa W UCCIENOBaHHUS MNapaMeTpoOB
OTZEJIbHBIX JJIEMEHTOB CUYETYMKOB, PACCMOTPEHA KOHCTPYKLHUSA IETEKTOpa U
METOJIMKA €r0 TECTUPOBAHMUS C UCIIOIb30BAHUEM KOCMUYECKUX MIOOHOB.

B Tpertbeii riaBe omucaHbl METOJBI MOHMTOPHPOBAHUS U KaJIMOPOBOK
CUMHTWUISILIMOHHBIX CYETYMKOB OT CBETOJMOJOB M HA YCKOPUTEIbHBIX
MIOOHAX, HEOOXOAMMBbIE IUJII KOHTPOJIS CTAOMIBHOCTH MX XapaKTEPUCTHK.
Onucanbl Tak)ke METOJMKA M PE3YJNbTaThl HCCICAOBAHUA CTAOMIBHOCTH
paboThl TIepeaHEH MIOOHHOW CHUCTEMBl C HCIOJIb30BAHUEM OJIMHOYHBIX
MIOOHOB.

B 4yerBepToO r1aBe ONMCAaHO, KaK CO3JaHHAsl CUCTEMA CLIMHTUIIALIMOHHBIX
CYETYMKOB MHCIOJIB30BAIACH 10 CBOEMY IVIABHOMY HA3HAYEHUIO, & MMEHHO,
JUIslL TPUITHPOBAHUS B3aMMOJEHUCTBUN IIPOTOHOB C AHTUIIPOTOHAMHM C
oOpazoBaHNEM MIOOHOB.

B nsaToM raase NPUBEJCH OJIMH W3 BaXHEHIINX (U3HYECKUX
pe3ynbTatoB sKkcnepumenta DO, ang momydeHHss KOTOPOTO CYLIECTBEHHO
MCIOJIb30BaJIach MH(GOPMALIUA C CUCTEMbl CHUHTHLISIIIUOHHBIX CUETYMKOB, a
MMEHHO, OTKPBITHE CTPAHHOTO KaCKaJHOTO Zp OapuoHa.

B 3aKJII0YCHUH c(opMyIUPOBAHBI OCHOBHBIE pe3yabTaThI

JMCCePTAMOHHON pabOTHI.



Jluccepraiusi OCHOBaHAa Ha pe3yJbTaTaX HCCICAOBAaHUM, BBITIOJHEHHBIX
aBTOpoM u ero koyuieramu B 1998-2008rr.

Anpob6anusi padoTsl U MyO0JIMKaALUH

Pesynbrarsl, mosrydeHHBIE B AUCCEPTALNH, HEOJHOKPATHO JTOKJIAIbIBAIIICh
aBTOPOM Ha COBEIAHMAX U CEMUHApax coTpyaHuuecTsa skcrnepumenta DO u
Hay4YHbIX KOH(epeHuusx B Depmmiabe. Pe3ynbrarbl, npencTaBicHHBIC B
AWCCepTallii, OMYyOJIMKOBAaHBl B POCCHMCKHX M 3apyOeXHBIX KypHasax.
OcHOBHBIE Pe3yJIbTAThI JUCCEPTALIMHU COepxKaTcs B pabdorax [3,6,21,30].

AmnpoOanus auccepraruu npouwia B THL UPBD 8 centsdps 2008r.



1. Ixcnepument DO

1.1. Hayunsblie ueau 3xcnepumenta DO

Okcnepument DO 6bi1 mpennoxxen B 1983 roay ans u3ydeHUs MpoOTOH-
AHTHUIIPOTOHHBIX CTOJIKHOBEHHH C dHEpTueil B cucreme neHrpa macc 1.8 ToB
Ha kosaiinepe ToBatpon B @epmunabe. llenpio skcnepumeHTta Oblia
npoBepka npeackaszanuii Ctanmgapraoit Mmogenu (CM) v IOMCK HOBBIX YaCTHII
U SIBIICHUI 3a ee MpeAeliaMi — U3yYeHUE COCTOSHUM C BRICOKMMH MacCaMu U
MPOLIECCOB € OOJBIIMM MOMEPEYHbIM HMITyJbcoM. DddexkTuBHas padota
YCTaHOBKHU B Xxoje nepBoro ceanca (1992-1996 rr.) mpuBena K MOJTyYESHUIO
psina BaxkHeWmmx pe3ynbTatoB. Cpelid HUX — OTKPBITHE Tom-KBapka [7],
usMepenue ero maccel [8, 9], mpenusnonnoe msmepenue maccel W 6o30Ha
[10, 11], u3yuenue mporeccoB obpaszoBanus cTpyii [12], ycranoienue Gosee
CTpOTUX  OTpaHWYEHWH  HAa  ceueHWs  OOpa3oBaHUS W MAaccChl
cynepcummeTpudHbix yactui [13, 14], nenrokBapkor [15, 16] u mpyrux
yactun, [17], cymiecTBoBaHME KOTOPBIX MPEICKA3bIBACTCS Pa3IMIHBIMU
pacmmpenusmu CM.

Hayunas mporpamma BTOpPOTO ceaHCa BKJIOYaeT B ceOs cleayrolue
HaIpaBJICHUS:
® TPOJIOJDKEHHE U3YyYeHUs] 00pa3oBaHus t-kBapka, B TOM YHCIE OJUHOYHOTIO;
® U3y4YeHHUE MHKIIO3MBHOTO POKICHHS aJAPOHHBIX CTPYI;
® U3MepeHHue ceueHus o0pa3oBaHus NMPSIMBIX (POTOHOB;
e wuccienoBanus HapymeHus: CP-uHBapuaHTHOCTH;
e wu3yuycHHe 0Opa30BaHUS U PACMaJOB YacTHIl ¢ D-kBapkamu, MOMCK HOBBIX
COCTOSIHUI;
e wu3yueHue poxaeHus W wu Z 0030HOB, WCHOJB3YS JICITOHHBIE W
MOJTYJICTITOHHBIE KaHAJbl PACIIaa;
® TIOWCK XUTTCOBCKOTO 0030Ha, 0TBeTcTBeHHOT0 B CM 3a 00pa3oBaHue macc

3JICMCHTAPHBIX 4aCTHL,



® TIOWCKHU COCTAaBHBIX COCTOSIHHI JICTITOHOB M KBAPKOB,;
® I[IOWMCKH CKJIAPHBIX JICITOKBAPKOB BTOPOTO M TPEThEro TOKOJICHHMS,
TSOKENBIX Z' 6030HOB B IBYXMIOOHHOM M JIBYXAJICKTPOHHOM KaHajlaX pacraja,
CYNEPCUMMETPUYHBIX  4acTHil  (4ap/DKUHO,  HEHTPaIMHO,  C-KBapKH),
JOJITOXUBYIIUX YaCTHIl, pacmajgaronmxcsi Ha Z OO030HBI, 3apsHKECHHBIX
MACCUBHBIX CTAOMJILHBIX YACTHII.

Haubonee 3HAYUTEIBHBIMU pe3yjbTaTaMH BTOPOTO CeaHCa SIBIISIFOTCS

HaOJIOZIeHNEe OCHIILISAIUN BSME30HOB U OTKpBITHE KaCKaIHOTO Zp OapHoHa.

1.2. Cxema ycranoBku DO Bo BTopoMm ceance Ha TaBaTpoHe

B xone mepBoro ceanca TrBatpon pabGotan ¢ 6 GaHYaMU TPOTOHOB H
aHTUNPOTOHOB, ¢ 3500 HAHOCEKYHIHBIM MHTEPBAJIOM MEXAY NEpecedeHUsIMU
O6anueit u sueprueit 1.8 ToB B cucreme nentpa macc. [Iuk cBerumocTu
06brar0 coctapisut 1—2010% emcex™’. MHTerpansHas cBETHMOCTb 3a TIEPBbIii
ceanc cocrasmaa ~ 120m6™,

[Tocne 3amycka HOBOTO HHXKEKTOpa W MojepHu3anuu Tasarpona [18]
KoJulaiiiep Hadall cBO pabotry Bo BTopoM ceance B mapte 2001roma ¢ 36
0aHyaMy TPOTOHOB M AHTUIIPOTOHOB, MHTEPBAJIOM Mexay OaHdamu B 396
HAHOCEKYH/I U MPU dHEPTuu B cucTteme nentpa macc 1.96 ToB. CrerumocThb
BO3pocJa 0ojiee 4eM Ha MOpsIIoK — 10 2—3 o 10* cmcex™ . Oxupmaercs, uto
Tasatpon Oyaet paboTath 1o kpaitaeit mepe 10 konra 2009r. B stom ciryuae
MHTETpaJbHasi CBETUMOCTh MOKET JOCTUYb BETUUHHBI ~ 5—8 (1)6'1.

UroObl B MOJHON Mepe HCIOIb30BaTh HOBBIE BO3MOXHOCTH TaIBaTpoHa,
ycranoBka DO  Opta  3HauuTenbHO — MOJepHH3UpoBaHa.  (Cxema
MoJiepHU3UpoBaHHON ycranoBku DO mokazana Ha puc. 1.1. CeephHas
NOJIOBMHA YCTAaHOBKU 00o03Ha4yeHa Ha puc. 1.1 kak “north”, a roxHas kak
"south”.  VYcraHoBKa COCTOMT U3 TpPeX OCHOBHBIX COCTABISIOIIUX:

LIEHTPAJIbHBIE TPEKOBBIC JIETEKTOPBI, JJICKTPOMArHUTHBIA M  AJPOHHBIN



KaJIOPUMETPBl U MIOOHHBIHN crieKTpoMeTp. LlenTpanbHas TpekoBas cuctema Ko
BTOPOMY Ce€aHCy OblJa 3aMEeHEeHa NOJHOCThI0. OddekTuBHas padoTa
TPEKOBBIX JIETEKTOPOB B LIEHTPAJIBHOM CUCTEME KpailHe Ba)KHA JUJISl U3y4EHUs
CBOWCTB TON-KBapKa, dJEKTPOCIabbIX B3auMojeicTBuii, B-pusuku, a taxxe
JUIsT TIOMCKAa HOBBIX 4YacTHIl, BKJO4as 0o030H Xwurrca. HoBas cucrema
BKJIIOYAET B €05 KPEMHHUEBBIH MHUKPOCTPHUIIOBBIN TPEKOBBIA neTekTop SMT
(Silicon Trackersa puc. 1.1) ¥ CHMHTHIUSIIMOHHBIA BOJOKOHHBINA TPEKOBBIM
nerektop CFT (Fiber Tracker) [19, 20],pacmnonoxxeHHble BHYTPH
CBEPXIPOBOJSIIETO COJIeHOMJa ¢ MarHuTHeIM —mojem 2T. Hamuuue
MarHUTHOTO IOJISl TIO3BOJIIET U3MEPSTh C XOPOIliei TOuHOCThIO (cM. puc. 1.2)
UMITYJIbChI 3apsDKEHHBIX YaCTHI[ M OTHOIIEHHE dHepruu K ummynbcy (E/p),
YTO BaKHO JJIA UJICHTU(UKALIUY SJICKTPOHOB M KaTUOPOBKU KAJIOPHUMETPA, a
TaK)k€ OTKPBIBAET HOBbIE BO3MOKHOCTH ISl MACHTU(DUKAIIUKN Tay-JIEITOHA U
aJIpOHHOM CIEKTPOCKONUH. JIBa IEHTpalIbHBIX TPEKOBBIX AerekTopa SMT u
CFT cnocoOHBI JIOKaNU30BaTh BEPUIMHY B3aUMOJEUCTBHUS C pa3pelICHUEM
okoso 35 MKM BaoJb ocu myuka. Jlerekrop SMT mo3Bossier Takxke
UACHTU(QUIMPOBATE  KOPOTKOKMBYIIME  YACTUIBI MO  BTOPUYHBIM
BepmMHaM. Jlng  yiydineHus — UACHTH(PUKALMKA  IJICKTPOHOB  MEXKIY
COJICHOUJAJIbHBIM MAarHUTOM U IIEHTPAJIbHBIM KaJOPUMETPOM J00aBieH
JIETEKTOp Hayaja 3JIeKTPOMarHUTHOTO JuBHS («preshower»).

Kanopumetpsl [2] wucnonb3yroTcss Ui M3MEPCHUS OHEPrUH U
UACHTU(PUKALMU 3JICKTPOHOB, (POTOHOB M aJPOHHBIX CTPYH, a Takxke aJs
UACHTU()HUKALMU MIOOHOB U M3MEPEHHsI HEAOCTAIONIEH MONEPEYHO IHEPTUn.
OTHOcUTENBHOE pa3pelieHre M0 MOoNepeyHoil sHepruum E g ctpyit B
LHEHTPAJBHOM  KaJOPUMETPEe B 3aBUCHUMOCTH OT TMOMNEPEYHON »HEpruu

npeacraBieHo Ha puc. 1.3.
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Puc. 1.2. OtHOCHTENBHOE paspelieHre IO TOMEPEYHOMY HMITYIbCY MEHTPATBHOM
TPEKOBOW CHCTEMBI B 3aBHCHMOCTH OT IICEBJOOBICTPOTHI MJISi TPEKOB C MOICPEYHBIM
umnyiabcom P =1, 10u 1001B/c.
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Puc. 1.3. M3mepeHHOE OTHOCHTEIBHOE pa3pelieHre Mo TONePEYHON SHEPTHH IS CTPYH B
LEHTPaJIbHOM KIOPUMETPE B 3aBUCUMOCTH OT HONEpEUHON 3HEpTHH. [IyHKTHPHOH IMHHEH
0003Ha4YeH (DUT IO JaHHBIM.

B nepenneit MIOOHHOH cucTeMe MPOMOPIHOHATIBHBIE IpeiioBbIe TPYOKHU
ObUIM 3aMEHEHbl MUHHU-IPEH(POBBIMU TpyOKamMu aisi paboTel mpu Oojee
BBICOKOW CBETUMOCTHU. {7151 BBIpaOOTKM MIOOHHOTO TPUITEpa yCTaHOBKa ObLia
OCHAII[EHA CUCTEMOM CIMHTUUIALIMOHHBIX CUETYMKOB.

CyliecTBeHHOE COKpalleHHEe KO BTOPOMY CEaHCY BPEMEHHOro MHTepBaia
MEXIy IepeceueHus MM OaHueill moTpeboBajIo  yCOBEPIIEHCTBOBAHUS
JIICKTPOHUKH CYUTHIBAHUS. BCsl 37IEKTpOHMKA MIOOHHOW CUCTEMbI U OOnbIast
4acTb  JJIGKTPOHUKM  IIEHTPAIBHOI'O  KajJopuMeTpa ObUIM  3aMEHEHBI.
Tpurrepnas cucrema ObUla 3HAYUTENIHFHO YCOBEPIICHCTBOBAHA U JIOBEJEHA JI0
TpeX ypoBHEH, uro obecneunBaeT 3hdexTruBHy0 padboTy npu 60jee BHICOKOU

CBETUMOCTH KOJUIauaepa.

1.3. MiwonHas cucrema ycranoBku DO

MiooHHasi CHCTeMa SIBJISIETCSI OJIHOM M3 OCHOBHBIX B ycTaHoBKe [21]. D10

CBSA3aHO C TE€M OOCTOSITEIIbCTBOM, YTO OOJIBIIMHCTBO YaCTHUIl, H3y4YCHUE
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KOTOPBIX mpejcTaBisieT ocoobit uatepec (W, Z, gactunsl ¢ t- u b-kBapkamu
U JIp.) UACHTUGUIUPYETCS MO JICNTOHHBIM M TOJYJICITOHHBIM KaHajlaM
pacnaja.

MiooHHass cucTeMa YCTaHOBKM [JOJDKHA oOecreunBarh 3((PEKTUBHYIO
pEerucTpanuio U MACHTU(UKAIMIO MIOOHOB B IIMPOKOM JHAIa3oHE YIJOB U
UMIyJbCOB M TpPH 3TOM HUMETh HHU3KUH ypoBeHb ¢ona. CrabwibHas u
HaJIe’)KHAsE MHOTOJIETHSA padoTa M paJuallMOHHAs CTOMKOCTh B YCJIOBHUSX
BBICOKOW CBETUMOCTH TAK)K€ UCKIIFOUUTEIBHO BaXXHBI JUISI MEOOHHON CHUCTEMBI.
OCHOBHBIMH ~KOMIIOHEHTAaMH MIOOHHOM CHCTEMBl MOJEPHU3UPOBAHHOMN
ycraHoBKH DO  sBISIFOTCS  TPEKOBBIE JIETEKTOPBI  (IPOMOPIHOHATBHBIC
npeiidossie Tpyoku (PDT)B HeHTpanbHOM YacTH U MUHHU-APEH(POBBIC TPYOKH
(MDT) — B mepenneii) (cm. puc. 1.4) u TpurrepHbole CIMHTHUISIIUOHHBIC
cuetdnku (cMm. puc 1.5) .

Tpu crnos uentpanbubix apeiidosbix kamep PDT [22] HaxoasTcs BHYTpU
(coit A) u cuapyxu (ciaou B u C) 1ieHTpasbHOTO TOPOUIATBHOTO MarHuTa u
NEPEKPHIBAIOT 001acTh MO 1nceBaoosicTpoTe |N|<1. Okono 55% nenrpanbHOro
TEJIECHOr0 yria MepekpriTo Tpems ciosimu kamep u 90% nepBbIMH IBYMS.
HpeiipoBbie Kamepbl caenaHbl M3 MPAMOYTOJBHBIX 3KCTPYAHUPOBAHHBIX
AIOMUHHUEBBIX TpyOOK. Tunuunsie pazmepsl kamep 2.805.6 M. Kameps! BHe
TOPOHUA COCTOSIT U3 TPEX IUIOCKOCTEH TPyOoOK, a cimoii A u3 deThipex (3a
UCKIIIOUCHUEM HIDKHEH KaMepbl, B KOTOPOM Tpu IUockocTu). I[lomepedHsbrit
pasmep kBagparHoro cedeHuss TpyOku 10.1 cm. OpHa TIOCKOCTH Kamep
coctouT u3 24 takux TpyOok. Bcero xe B kamepe 72 wiu 96 TpyOok B
3aBUCHMOCTH OT KOJIMYECTBA IUIOCKOCTEW. BI0JIb aHOAHOM ITPOBOJIOKH,
PACIOJIOKEHHOM MO LEHTPY IJIMHHOW TPyOKH CBEpXYy M CHU3Y MPOBOJIOKU
pa3MEUICHbl ~ «BEPHBEPOBCKUE»  KATOJAHBIC  SYCHKH  (COIbD»)  JUIs
3HAYUTENBHOTO YJIYYIIEHUS MPOJOJBHOTO KOOPAMHATHOIO pPa3pelIeHUs

TpYOOK BJI0JIb TIPOBOJIOKH.
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Puc.1.4 TpekoBbie AETEKTOPBI MIOOHHON CHCTEMBI BO BTOPOM CEaHCE.

Puc. 1.5 TpurrepHsie CHMHTWUIIMOHHBIE CUETYNKH BO BTOPOM CEaHCE.

[Tonepeunoe mpoctpancTBeHHoe paszpemenne PDT cocraBnser 6 = 1mm

npu ckopoctH jpeiida 3mekTpoHoB ~ 10 cM/MKC ¥ MakCHMallbHOM BpPEMEHH



apeiipa 500 vc. B PDT ucnons3yercs cienyrouuii ra3oBsiii cocta: 84%
aprona, 8% merana u 8% CR. PaGoune Hanpsokenust coctapwm 4.7 kB s
npoBosiok u 2.3 kB mna megoB. IpogonsHoe (Bmoib apeihOBBIX TPYOOK)
paspelieHre 3aBHCHUT OT MECTa TOIAaIaHus 3apsIKEHHOM YacTUIlbI B TPYOKY U
MPY UCHOJb30BaHUU MPOGUISI HABEJICHHOTO 3apsja Ha KaTOAHBIX suYeiKax
coctaBisier S5 mMMm. OJHAKoO, TOJBKO KaMmepbl cyosi A ObUIM TOJHOCTHIO
YKOMIUICKTOBAHBI 3JICKTPOHUKOM ISl CYUUTHIBAHKSI HHPOPMAIUH C M3JI0B, B TO
Bpems kak B ciosix B u C snexktponuka Obina Tosbko st 10% xaromgHbIx
SIUEEK.

CUMHTWUIAIMOHHBIC CYCTYHMKHU IICHTPAIbHOW MIOOHHOW CHCTEMBI Iepe
HAYaJIOM BTOPOTO CeaHCa ObLIU MPOTECTUPOBAHBI C MOMOIIBI0 KOCMHYECKHX
MIOOHOB. CpemHHil CUTHaN OT MNPOXOXKIeHus MiooHa coctaBmi 50—60
¢doTodekTpoHOB. CpaBHEHHE aMIUIUTYAHBIX CUTHAJIOB, IMOJYYCHHBIX C KpacB
CUCTYUKOB M C IICHTPA, MPOJESMOHCTPUPOBAIO OJHOPOIHOCTH C TOYHOCTHIO

+7%. BpemeHHOe pa3peliieHre CYeTYUKOB COCTABIIO OKOJIO 2 HC.

70
; A0 degrees

60 | 045 degrees o
] =+ Test beam, 0 degrees £

0
o

Drift time (ns)
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1. ! ! ! ! ! !
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Puc. 1.6.IIpocTpaHcTBEHHO-BpEMEHHBIE XapaKTEPUCTUKH JIJISI MUHH-APEH(POBOM TpYOKH.

[IpocTpaHCTBEHHOE  paspelIeHHe TPEKOBOTO  JIETeKTopa  INepeaHeit

MmiooHHO# cuctembl (MDT), m3MepeHHOE Ha TECTOBOM ITydYKe, COCTaBJISIET
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okosio 350MkM, HO onMdpoBKa B AIEKTPOHUKE C maroMm B 18.8Hc mpuBoauT
K paspemiernio ¢ ~ 0.7 MM. MakcumaiibHOE BpeMs Jpeiida 3IeKTPOHOB IS
TPEKOB, MEPHNEHIUKYISPHBIX TIOCKOCTH JeTekTopa, cocrarisieT 40 ue. Jlns
TPEKOB, UAYIIMX 0 yriaoMm 45°, sta Benmuunna Bo3pacraer 10 60 He (cM. puc.
1.6). B MDT wucnonssyercs rasoas cmecb CFR—CH; (90%-10%).
NmMnynbcHOE paspenieHue nepeaHero MIOOHHOTO CIIEKTPOMETpa OTPaHUYEHO
B OCHOBHOM MHOTOKPATHBIM paccessHueM B cTaju Topouna. OHO COCTaBIseT
ok0j10 20% st mrooHoB ¢ P =~ 40 I'3B/c. T1o 3TO¥ NMpUYKMHE UMITYJIHC MIOOHA,
B OCHOBHOM, U3MEPSETCS LIECHTPAIbHON TPEKOBOM CUCTEMOM, PACIIOIIOKEHHON
no topouma. IlepenHsst MIOOHHAs cHUCTeMa YIydlllaeT HMMITYJIbCHOE
paspelieHue s BBICOKODHEPTETUYHBIX MIOOHOB U OCOOEHHO BaXkKHa ISt
TPEKOB, KOTOpBbIE HE TMPOXOASIT BCE CIIOM IEHTPAIBHOTO BOJIOKOHHOTO
TpekoBoro nerekropa CFT.

3HauuTENbHBIM yCOBeplUIeHCTBOBaHHEM ycTaHOBKM DO Obl0 BBeneHue B
NEPEHIO MIOOHHYI0 cucteMmy (o0macth mnceBaoObicTpoT 1<[y|<2) HOBOTO
TPUTTEPHOTO MIOOHHOTO JeTeKTOopa Ha ocHOBe 4214 CHMHTHIUIALIMOHHBIX
CYETUYMKOB, HM3roToBICHHBIX B 1998-1999 rr. 8 'HIl M®PBD. Onucanue
CO3JJaHHOTO JE€TEKTOpa, METOJOB €ro KAIMOPOBKM M MOHUTOPHPOBAHUS U
MPUMEHEHUS JIJIsl TOTy4YeHUsT (PU3NYECKUX PE3YyIbTATOB U SBIISIETCS OCHOBHBIM

COJIEp>KaHUEM CIICYIOIINX IJ1aB JUCCEPTALNH.
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2. CucTeMa TPUTITEPHBIX MIOOHHBIX CIIMHTHJIJISAIMOHHBIX
CYETYHUKOB IepeJHer MIOOHHON CUCTEMbI

2.1. Tpe6oBaHUA K CHUHTUUIIHMOHHBIM CYETYHKAM
CUMHTWIALMOHHBIE CUETYMKU TEepeIHEHl MIOOHHOW CHCTEMBI JIOJIKHBI

ObUIH YIOBJIETBOPATH CIECAYIOIUIUM TPEOOBAHUSM

e 00Jy1a1aTh BHICOKOW PaJMAIMOHHON CTOMKOCTHIO MPH JITTUTEIHHOM paboTe B

YCIOBUSX GOJIBIION CBETUMOCTH, TOXO/AMIEH 10 HECKONBKUX eauHuIl Ha 10°

cM2cex™;

e oOecneynBath Oymskyro kK 100% »sddekTuBHOCT,  perucrpaiuu

MHUHHMaJIbHO-HOHU3KpYytonieit yactuisl (MIP);

® UMETbh XOPOIIYIO OJTHOPOJAHOCTh AMIUIUTYIbl CHUIMAaeMOI'O CUTHAJIA IO BCEH

TUTOMIAIM CYETUUKOB ISl TOAaBJICHUS (DOHOBBIX YACTHII,

e 1METh BpeMEeHHOE pa3pelicHre He XyKe HECKOJIbKUX HAHOCEKYH]I;

e oOecrevynBaTh HAJCKHYIO U CTAOWIbHYIO pabOTy B T€UEHUE KaK MUHUMYM

TIECSITH JIET,

® OBITh MPOCTHIMH B W3TOTOBJICHUH U YMEPCHHBIMH IO CTOMMOCTH (M3-3a

OrpaHMYCHHBIX CPOKOB MIPOU3BOJICTBA).

2.2. KoHCTpYyKuMsi OTHOTO CHETYHKA

B wuroroByto pabouyio KOHPUTYpalMIO MepeaHel MIOOHHON CHCTEMBI
Bonutl 4214 CUMHTWUIAIMOHHBIX cueTuyukoB. OHU ObUM pa3mernieHbl B 48
OKTaHTaX, o0pasymoiux mecTh cioeB (mo Tpu cios (A, B u C) B 10xHOM u
CEBEPHOM IMOJOBHHAX YCTAHOBKHU) IO BOCEMb OKTAHTOB B KaXIOM. DTH CIIOH
cueTdnkoB 0003HaueHbl Kak “Pixel Counter Layersha puc. 1.1. B xaxmom
U3 OKTAaHTOB HaxXoJATcs 10 96 CUETYMKOB, KOTOPHIC Pa3JC/ICHbl Ha IIECTh
rpyni (1o 16 c4eTYrKOB B OJHO IpymIe), Kaxaas U3 KOTOPBIX MOIKIIOYEeHA

K CBOCMY BbICOKOBOJBTHOMY HCTOYHHUKY TIMTAHUA. HGHGHI/IG CJIOA

17



Caoii A

95

R
& X o
AN
O\ >
o a
)
AR
AN
N N
~
\‘LN
<\
0
o\ P
o\ 2
o
[
o \ N
\y

Gt 1Tel26| 36| 46 | 56 | 66 76

07116 26| 36| 46 56 66
98 17127737

~
[}
—~

/\ T T m
=
o)
s
&
N
@
~
)
o
N
o
N

95

Puc. 2.1. Cxema cnosg A cucTEeMBbl CHUUHTHUILIMOHHBIX CYETYUKOB. BocEMb OKTAaHTOB
HYMEPYIOTCS C HYJIEBOTO 10 CEIBMOM 10 YacOBOW CTPEJIKE, HAYMHAS C HUXKHETO OKTaHTa

JIeBOM BepXHEH YETBEPTH CJI0s5I. BEICOKOBOJIBTHBIC TPYIITBI OKTAHTOB 0003HAYCHBI Pa3HBIM
LIBETOM.

CUETUYMKOB Ha OKTAHTHl M OKTAHTA HA TPYIIIbI MPEJCTaBIeHO Ha puc. 2.1 Ha
npumepe ciost A. Ha puc. 2.2 npeacrasnena ¢otorpadus cnos C.
KoHCTpyKIHsT OHOTO CIMHTHIUISIHOHHOTO cueTdnka [23] mpeacraBicHa
Ha puc. 2.3. B cuerunkax mcmoib3yercs ciuHTHLIATOP Bicron 404A [24]
TOJIIUHON 12.7 wmwm. [lepenaya  CUMHTWUIALIMOHHOTO  CBETa Ha

doroymuoxuteny ®OY-115M [25] ocymiecTBasieTcs NP MOMOIIK JIBYX
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Puc.2.2. ®ororpadus cinos C TpHUITEpHBIX CUUHTHWULIIMOHHBIX CYETIMKOB IEpEIHEH
MIOOHHOM CHCTEMBI.

nojoc u3 cmecrurens cnekrpa Kumarin 30 tommuHoi 4.2 MM U IIMPHHOM
12.7 MM, pacroiOXEHHBIX Ha COCEIHHMX TpaHAX CIMHTWLISATOpa. BOmusu
MepecevyeHus TrpaHed CHUHTWUIATOpPA TMOJOChl M3 CMECTHTEINsl CIEeKTpa
M30THYTHl Ha yTOJ 43.9, kak nokazaHo Ha pucyHke. B cuiny reomerpun
YCTAHOBKHM pa3Mepbl CUETUMKOB CHIJIBHO BapbUpyIOTCS — OT 9Jel4 cM? 110
600110 cM>. DOTOYMHOKHUTENb 3AIIUIIEH OT BIUSHUS PACCESHUSI MarHUTHBIX
MOJIEM SKpaHaMU U3 MEepMaIosT M MITKOW cramu. [[ns kamubpoBku u
npoBepku @DV UCMOIB3YIOTCS CUTHAIBI OT CBETOAMOIOB, KOTOPHIE TIOIA0TCS

4yepe3 ONTHYECKOE BOJIOKHO CO CIeUalbHbIM pazbeMoM (puc. 2.3, cekius C-

Q).
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Puc. 2.3 Cxema COMHTHIUBIIIMOHHOTO CYETYHKA. PasMephl JTaHBI B MM.

Cxema Kpermexa CUeTYMKOB M300paxkeHa Ha puc. 2.4. Ha mmockoil pame
CUETYMKH YCTAHOBJICHBI MO/l HAKJIOHOM U MOJJEPKUBAIOTCS aJTIOMUHUEBBIMU
KpEeMneXHbIMU CKOOaMH TaKUM 00pa3oM, 4TO MeXay HHUMH HeT 3a3opa. Bce
YeThIpe Kpasi CUeTUYHMKA MEPEKPBIBAIOTCS KPasiMU COCEIHHUX CUETUMKOB. Takoi
IU3aiiH yNpoIIaeT Mpoueaypy coopa CUYEeTYMKOB B OKTAHTHI U 0OECIeuynBaeT

JIETKUH AOCTYII K (I)OTOYMHO)KI/ITCJISIM U JCJTIUTCIAM. TouHOCTH PAacCIIOJIOKCHU A
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Puc. 2.4.Cxema kpernexa CUeTUNKOB: &) PACIOJI0KEHUE CUSTYMKOB IIPU COOPKE B OKTAHTE,
b) anmomuHneBast KpenexHas ckooOa.

coOpaHHOTO OKTaHTa COCTABJISET 3 MM, a MECTOIIOJIOKEHHUE CJIOS U3 BOCHMU
OKTaHTOB OIPEICISIETCS ONTHUYECKUMU METoJaMHu ¢ ToyHOCThio 1 mm. B
ciiydyae HEOOXOJMMOCTH TPOBEICHUS PEMOHTHBIX pabOT B HEIOCTYMHBIX
Mectax (OOJBIIMHCTBO CUYETUYUKOB €Sl B) mosHOCThIO coOpaHHbie ciou A u
B cueT4nKoB OTOJIBUTAIMCH U 3aTE€M BO3BPAIIAIMCH B UCXOJHOE MOJIOKEHUE C
To4HOCTBIO 1 MM. Oko010 15 cuerunkoB (13 4214)BbIIUTH U3 CTPOS B MEPBbIC
TpU TOoJa paboOThl YCTAaHOBKM BO BTOPOM ceaHce. Bce OHU OBLIM YCHENIHO
MOYMHEHBI. BriocneacTBuM 4uCio HEpabOTAIOMIMX CYETUUKOB CHU3MIIOCH /10
1—2 B roa (<£0.05%). OcHOBHOI TPUYMHON, KaK MPABUIO, SBISIETCS
pa3beIMHEHNE WM TIOJIOMKA CHUTHAJLHOTO Kalensl, pexe — TMOJOMKa
aenutens, eme pexe — @OV, TunuvHas JIMTEIbHOCTh OTKPBITHSA/3aKPBITHS
CJIOS CUETYMKOB C TOCHenyromeld (Qukcanueld ero MeCTOTOJOKEHUS

ONTHYECKUMHU METOJJAMHU — OJUH JCHb.

2.3. CUMHTH/LIATOP, CMeCTUTEIH crieKkTpa, ®IY
Jlis momydeHus: BBICOKOW 3(P(EKTUBHOCTH, OJHOPOJHOCTH U XOPOIIETO
BpeMEHHOro paspeiieHus MpU pPa3yMHON CTOMMOCTH MPOU3BOJCTBA OBLIH

M3y4YeHBbI HECKOJIBKO METO/I0B cBeTocOopa. 13 usmepenuit ObL1 ciesian BBIBO/I,
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4TO ISl JAHHOW T€OMETPUHU M MPH JAHHBIX pa3Mepax CUCTUYUKOB IMOJIOCHI U3
cmectutens crnekrpa (WLS) narot nydmyro 3¢ ¢GeKTHBHOCTL cBeTOoCcOOpa U
KOHCTPYKTHBHO IIpOIle, 4YeM, Hampumep, BoJokoHHbIe [23]. Ilostomy B
MOJIABIISIONIEM OOJIBIIMHCTBE CYETYUKOB Ul CBETOCOOpA HCIOJIL30BAIKCH
noJiockl [26] u3 cmectutens cuektpa Kumarin 30,k morsomneHus KOTOporo
COOTBETCTBOBAJI MUKY W3JIy4eHUs ciuHTUILIITOpa Bicron 404A,BeiOpaHHOTO
B KadecTBe pabO4yero BapHaHTa BCIEACTBUE €r0 XOPOLICH OJHOPOIHOCTH,
BBICOKOT'O CBETOBBIXO/Ia M MAJIOTO BPEMEHH BbICBEUMBaHUsA. JIUIIL IPUMEPHO
B 1% cYeTynKkoB, B KOTOPBIX U3-32 KOHCTPYKTHUBHBIX OTPAHUYCHHIA
TpeboBanoch uHOE pacrnonoxenue DY, mns cBerocOopa HCMOIB30BAIUCH
ontuueckue BosiokHa ¢ WLS. OcHOBHBIE XapaKTEPUCTHKU CIUHTUILIATOPA
Bicron 404Awu cmecturens cnektpa Kumarin 30mpeacrasiens B Tabn.2.1,

OCHOBHBIE XapakTepucTuku ¢GotoymHoxkuTens DPOVY-115M mnpuBeneHsl B

Tabn. 2.2.

Tabmiua 2.1. OcHOBHBIC XapaKTEPUCTHKU CUUHTHUIITOpa Bicron 404A u cmectutens
criektpa Kumarin 30.

Marepuain Bpewms [Iux smuccun,HM | JIaMHA DOTJIOMICHUS, M
BBICBEUHMBAHMSI, HC

Bicron 404A 2.0 408 1.7

Kumarin 30 2.7 460 1.4

Tabmmua 2.2. OcHoBHbIe XapakTepuctukn @OY-115M.

Huametp ¢dorokaroaa, MM 20
Ksanrosas spdexruBnocts npu 500uM, % 15j .
Heonnopoanocts oTkinka ¢ortokatona, % <10
Pabouyee Hanpsokenue, kB 1.8+0.2
Kos(duiuent ycuieHus npu paboueM HanpsixkeHuu | 2e10°

22



[Tepen cOopkoii cuerunkoB 3301 mnosioca U3 cMecTUTENs CHIEKTPpa JIIMHON
124 cm kaxnas ObUTa OTIOJMPOBAHA M 3aT€M MPOTECTUPOBAHA C TOMOIIBIO
CBETOJIMO/Ia HA CTEHJIE, CXeMa KOTOPOTO MpECTaBICHa Ha pUCYHKE 2.5.

Cwmecturenn crnekrpa (WLS), doroymuoxurens (PMT) u cBetomnon
(LED) Obutn moMeriieHsl B CBETOHETIPOHHIIaeMbIi 60Kc. [TponopunoHanbHbINH
OTHOCHUTEIILHOMY CBETOBBIXOAY aHOJHBIM TOK H3MEpsUicd 10 MaJCHUIO
HaNpsDKCHUS Ha aHOAHOM comnpotuBieHnH PDY B 12 TOUykax BHOIH IJITUHBI
WLS nonocet — Ha paccrosinuax B 10, 20, 30, ... 120m ot dorokaroga. B

X0J1€ U3MEPEHUHN UCTIOIB30BAJICA OJIMH U TOT ke K3eMIuisip OIY.

movablearm

HVPS

GENERATO

Multimeter

Puc. 2.5.Cxema crenja nist nmpoBepku cMmectutenedt ciekrpa. LED — ceeronmon, PMT —
¢doroymuoxurens, WLS — mosioca u3 cmecturens crnektpa, HVPS — BbICOKOBOJIBTHBIN
ucrounuk nutanuss, GENERATOR —reneparop ceeroanona, Multimeter —mynstumerp.

OCHOBHBIMU  XapaKTEPUCTUKAMH  CMECTUTENSL  CHEKTpa  SIBIISIFOTCS
CBETOBBIXO/JI | U IJTMHA MOTJIOMIEHUS A - PACCTOSIHUE, HAa KOTOPOM CBETOBOM
MIOTOK YMEHbIIAeTcs B € pa3. [[nuMHa morioiieHus 3aBUCUT OT BHYTPEHHEH
CTPYKTYpPhl M YHMCTOTHI Marepuajia CMECTUTENsl CIHEKTpa W KayecTBa

IIOJIUPOBKH.
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3aBUCHUMOCTbH CPEJHET0 3HAYEHUSI CBETOBBIXOJIa OT paccTosiHus 10 OIY
mig 3301 monockl U3 cMecTUTENs CIEKTpa IpejacTaBlieHa Ha pUCYHKe 2.6.
Pacnipenenenust mosoc 1mo CBETOBBIXOTY AJIst KaXI0W U3 3THX 12 Touek UuMeroT
cxoxuii BuA. OQHO W3 HHX, IS mepBoi Touku (Ha paccrosaur 10 cMm oT
®DY), nokazano Ha pucynke 2.7a. Ha pucynke 2.7b npexncramieHo
pacrmipenenenne auHbB mnoriomeHus i Bcex WLS. CpemHee 3HaueHue
cocraBwio ~97 cm. U3 puc. 2.7 cieayer, 4To MOJHBIA pa30poc 3HAYCHHI
nosioc WLS 1o cBETOBBIXOAY W JJIMHE TMOTJIOMIEHUSI COCTABISIET OKOJIO TPEX.
B cBsi3u ¢ 3TUM BcTaeT BOMPOC O BHIOOpPE TOJIOC ISl CYETYUKOB PA3HOTO
pasmepa. I[lpexpe Bcero, MOJOCH CO CBETOBBIXOJOM B MEpBOM Touke | <
125mB unu nnunoit nornomieHus A < 60 cM cyuTanuch OpaKkOBaHHBIMU U HE
HCIOJIh30BAIIMCh B cUeTYMKaAX. [Ipu 3TUX OrpaHWYEHUsX, KaK BUIHO U3 PUC.
2.7, YHACIO WCIOJB3YEMbIX TIIOJIOC U3MEHSeTCs He3HauutenabHo. [lanee
OCHOBHBIM TMPABWJIOM OBLJIO CIEAYIOIIEE. YeM OOJIbIIIe pa3Mep CUETUYHKA, TEM
OO0JIBIIIE JOJIKHBI OBITH CBETOBBIXO/ M JJIMHA MOTJIOIICHHSI TIOJIOCH, KOTOpas B
HEM WUCIOJIb3YEeTCs, UTOOBI O0O0ECIEeUUTh MPUEMIIEMbIE BEIUYUHY U
PaBHOMEPHOCTh CUTHAJIA 110 TUIOIAANA OOJIBIINX CYETUMKOB. DAKTUUECKH, IS
MHOTHX CYETYMKOB BBITIOJHSIIOCH ycinoBue A > 2L, riae L — airHa moaocHh.
[Tocne Toro, xKak cueTYMKd OBUIM COOpaHbl, OHM OBUIM MPOBEPEHBI Ha
CBETOJMOJIaX U C MOMOIIBIO PAJUOAKTUBHOTO MCTOYHUKA. 3aT€M CUCTYUKH C
MUHUMAJIbHBIMUA BEIIMYUHAMU BBIXOJIHOTO CHUTHala OBUIM TPOBEPEHBI Ha
KOCMMYECKHMX MIOOHAaX C IeNbI0 OMNpEACNCHHs] JUIi HHX  YHWcia
($OTO2JIEKTPOHOB,  OOpa3ylomUXCs MPU  PETUCTpPAllUd  MUHUMAJLHO-
nonusupytomeit yactunbl (MIP). Tect mokasain, 4to 4ucio GpOTOIIECKTPOHOB
or MIP > 70. Oto olecneunBaeT BBICOKYIO 3(PPEKTUBHOCTH pPErucTpaluu
MmiooHOB (> 0.99).
AHaTOTUYHBIM OMHCAHHOMY paHEe METOJOM OBLJIO MPOBEACHO U3YYCHUE
CBETOBBIXOJa o0Opasma cuuHTWuIATopa Bicron 404\, o6aydaemoro

0
PalMOAKTUBHBIM HCTOYHUKOM Sr° u ceeroanoioM. B oboux cmydasx
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UCIOJIb30BAJICS. OJMH M TOT € CMECTUTEeNb chnekrpa. s  cpaBHEHUS
pe3yJIbTaTOB OHHM ObUIM OTHOPMHUPOBAHBI Ha 3HAYEHUS, TIOJyYEHHbIEC B TIEPBO
touke — Ha paccrosHuM 10 cm ot ®DY. Pucynox 2.8 mokaswiBaer, 4TO
M3MEPEHHS C TIOMOIIBIO HCTOYHHKA SPC M CBETOAMOA XOPOIIO COTIACYOTCS

IPYT C IPYTOM.
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Puc. 2.6.3aBucumocTs CBETOBBIXOAA OT paccTosiHus 10 ODY. CratucTHdeckne OImMOKH
HW3MEpPEHUI MEHbIIIE pa3Mepa TOUYeK.

F D 1 F D 2
C Entries 3301 180 K Entries 3301
250 = Rus. S| 160 s 2206
500 E 140
c 120
150 100 |
100 E 80 c 60cm
E 60 £
50 0 E
= 20 E
Oi\\\\\\\\\\\\‘\k\ Oi\\\‘\\\\‘\\\\‘ :u\\
100 200 500 400 50 100 150 200

Light output, mV Attenuation length, cm

o) b)

Puc.2.7. a)PacnipenencHue BeIMYHHBI CBETOBBIXO/IA IS TIepBOi Touku (Ha paccrosiHuu 10
cm ot ®DY). b) Pactipeaenenune IIMHBI MOTJIOMICHHMS.
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Puc. 2.8.CpaBHeHune 3aBUCHMOCTEH CBETOBBIXOa OT paccTostHus 10 POV, morydeHHbIX ¢
nomorbto ucrounnka (Sr90)u ceeromuona (LED).

3apanee Ha TecTtoBoM myuke 125 B/c B depmunabe ObUTH MPOBEICHBI
HCCIIEIOBAHUs C MPOTOTUIIOM cyerynka [27]. Ha puc. 2.9 mnpencraBieHbl
3aBUCUMOCTH J(PPEKTUBHOCTH PETUCTPAllMM W BPEMEHHOTO pa3perieHust
CUETYUKOB OT BBICOKOTO HAIpPSIKEHUS [UIsI CYETUYUKOB TPEX pa3MEpOB:
“Oonpmux” — 606106 CM2, “TUMMUHBIX — 24034 cM? ¥ “ManeHbKuX" — 17024
cM®. TIopor perMcTpamyy Ul 3THX CYETIHKOB OBLT YCTAHOBICH HA YPOBHE
10 wB. U3mepennble 3(QQPEKTUBHOCTH M BPEMEHHBIE pa3pelIeHUs
MOKA3bIBAIOT, YTO MAaKCUMaJIbHasl 3(P(PEKTUBHOCTh PETUCTPALIMH IPEBOCXOIUT
99.9%, a BpemeHHOe paspellleHHE B 3aBHCHMOCTH OT pa3Mepa CueT4YHuKa

Bapbsupyercs ot 0.510 1 He.
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Puc. 2.9. 3aBucumoctu BpeMeHHOro pasperieHusi U 3(PHEKTUBHOCTH pPErUCTPAIAU
CHMHTWUTAIMOHHBIX CYETIYMKOB PA3IMIHOTO pa3Mepa OT BEICOKOTO HAMpPSHKEHUS.

2.4. O160p ®IY M CYETYMKOB MO0 BHICOKOBOJIBTHBIM I'PyNIIaM

JUis BceX MMEBILMXCS B PACHOPSKEHUH (OTOYMHOMKUTEIEH C MOMOIIbIO
CBETOAMOAAa OBLJIO H3MEPEHO pabouee 3HAUEHHUE BBICOKOTO HAIPSKEHUS
(nampspkeHMe, MPU KOTOPOM CHUTHANI B ocuwuiorpade, OMpenessBIIUACS
Bu3yaibHo, Obl1 paBeH 30 MB). Pesynbrarthl m3mepeHuil mpeicTaBlicHbl Ha
pucysnke 2.10.

JUis KaXa0W BBICOKOBOJIETHOM TPYMIBI BBHIOMPATUCH CYETUYHUKH IO
BO3MOXHOCTU C OJIM3KUMHU 3HAYEHUSIMH CHUTHAJIOB M K HUM HOJOUPATUCH
dboToyMHOXUTENH € OJM3KUMH 3HAUYEHUSIMU BBICOKOTO HampspkeHus. Jls
OONbIIMX TIO pa3Mepy CYETYUKOB C yIETOM OCTaBHIMXCS B Hamuuuu ODY
BBIOUPATUCh (OTOYMHOKUTENU C OOJBIIMMU 3HAYCHUSIMH CIEKTPAIbHOM
YyBCTBUTENILHOCTH, Kod(hduurenta ycuienus, 3¢pdekTuBHOCTH (hoTOKaTOIA

U ¢ OONBIIMMKM 3HAYEHUSMH BBICOKOTO HAMPSDKCHUS, YTOOBI 0OCCIIEYHThH
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Puc. 2.10. Pacnipenenenne pabounx 3HAYCHUH BHICOKOTO HATIPSDKEHUS IS BCEX
nposepeHHbix POV,

ONTHUMAJbHYIO 3(()EKTUBHOCTD pETUCTPAIIMK U BpeMEeHHOe pa3pelieHue (CM.
puc. 2.9 u 2.10). Cobpannble cueTYrKH mocie nepeBo3ku Bo ®HAJI Obutn
IIPOTECTHPOBAHHI C IOMOIIBIO PAJHOAKTUBHOTO MCTOYHHKA SIPC Ha YCTaHOBKE,
cxema KOTopoi mzoOpakena Ha pucynke 2.11. (pexanee s Bcex CUETUUKOB
JAHHOW TPYIIbI 3HAYEHUE BEJIWYMHBI BBICOKOTO HANPSHKEHUs, MPU KOTOPOM
curdain B ociuorpade cocrasisut 30 MB, ctaHoBUIIOCH pab0YUM 3HAUCHHUEM
BEJIMYMHBI BLICOKOTO HATIPSKCHUSI 1T JJAHHOM TPYTIIIHI.

Ha mnpakTuke MOrIo NOHAaJOOUTHCS U3MEHUTh paboyee 3HAUYEHUE
BBICOKOTO HANpSDKEHUS JUIs KaKOW-HUOyAb BBICOKOBOJIBTHOM TpPYMIIbI
CUETYMKOB. B CBsI3M ¢ 3THMM BO3HHMKAaeT BOIpPOC, Kak OyIyT BecTH ceds
ko3¢ unmentsl ycuneHuss ®OY npu M3MEHEHUU BBICOKOTO HAMpPsKEHUS.
OTtHocuTenbHbIE U3MEHEHUs1 Kod(hdunrenToB ycuiaeHuss ®OY noikHbl OBITH
MUHUMAJIbHBIMU.

Jlis mpoBepKkd pabOThl CYETYMKOB IMPHU PA3HBIX 3HAYEHUSX BBICOKOTO
HanpsDKEeHUs: ObUTH MPOBEACHBI CIIEIUANbHbIE U3MepeHus. i1 «TpeHUpOBKU»
OOV u u3mepenusa apeida koddduumenta ycuneHus (GOTOYMHOKHUTEIN B
TEUEHHE CEMHU JHEH JepXKaluchb NpH BKIIOYEHHOM BBICOKOBOJIBTHOM
HaMpsDKEHUU W obmydanuch cBetoauogoMm ¢ yactotoit 50 k[, Bo Bpems
CaMHX HW3MEpPEHUIl CBETOAUOJbI HCIOJIB30BAINCH B KayeCTBE HMCTOYHMKA
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cBeTa, a curHas ¢ @Y ompenensuics BU3yalbHO C TOMOIIBIO ocuuuiorpada.
Tounocte Takux wu3mepenuid cocrasiser ~10%. [Ins kaxmod rpymmsl
ko3 punmenTsl ycuiaenuss OOV u3Mepsnch B BHICOKOBOJIBTHOM JIMAINa30HE
1275 - 19238 c marom B 100 B. 3Hauenus ko3hPUIMEHTOB yCUICHHS MpU
pa3HbIX 3HAYEHMUSX BBICOKOTO HAIPSDKEHHUS I KaXJAO0ro CcUeTyrKa Obuin
OTHOPMHPOBAHBl HAa 3HAYEHUS CUTHAJIOB MpU pabodyeM 3HAYEHHHU BBICOKOTO
HaIlpsDKEHUS U1 JAHHOM TIpynnbl cyeTyukoB. Ilo pesynbrataM uzMepeHun

KOC—)(I)(I)I/II_[I/IGHTOB YCWIICHUS JJIA OTACIBbHBIX CHCTUHUKOB ObLIN OIIPCACIICHBI UX

R/A SOURCE

COUNTER

GENERATOR—>{ LED

Puc. 2.11. Cxema ycTaHOBKH ISl MPOBEPKU CUMHTUILLIIMOHHBIX cueTunkoB. COUNTER
— CHMHTWJUISAIUOHHKIN cuetunk, LED — cetomuon, PMT — dporoymuoxurens, HVPS —
BbICOKOBOJIbTHBIN ucTOuHUK nutanust, GENERATOR —reneparop ceeroauoga, SCOPE —
ociuiorpad, R/A SOURCE -pannoakTHBHBIH HCTOYHHUK.

CpellHHMEe 3HAYEHHUS I BBICOKOBOJIBTHBIX TpymI (OTOYMHOXKHUTENEH. ODTU
3HAa4YEHUS MpeACTaBlIeHbl Ha pUcyHKe 2.12.M3mepenns Obuid NMpOBEICHBI IS
Tpex u3 mectu rpynn okranta NASJ, koTopslii Obul cOOpaH HEPBBIM: AJIS
IPyNIbl ¢ MHHAMAIBbHBIM (TE€pBas), MakKCUMalbHbIM ([ATas) M CPEAHUM
(Tpeths) 3HaueHMsMU pabouero HampspkeHus. OmmOkM Ha pucyHke 2.12
BBIPDAKEHBI B TMPOLIEHTAX U MPEJICTaBISAIOT COOOW pasHULy MEXIY

MaKCHUMaJbHbIM (MUHMMAJIBHBIM) U CPEIHHM 3HauCHHUSIMHU KO3 (ulreHTa
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YCWJICHHS JUIS TPYNIbl (OTOYMHOKUTENEH MpU BBIOPAaHHOM 3HAYCHHU
BBICOKOTO HampsikeHusi. Pe3ynbpraThl MOKa3bIBaOT, 4yTo B auana3zoHe 1400 —
1900 B kox¢pdunmentsr ycuneHuss (HOTOYMHOKHUTENEH BHYTPU TPYIIIBI

OTJIMYAIOTCS OT CPEIHET0 3HaueHus He Oosiee, yeM Ha 12%.
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Puc. 2.12 3aBucumoctsb k03 duirerTa ycusieHus BEICOKOBOJIBTHBIX rpyrt DY oT
BBICOKOTO HampspkeHus. OMMOKY BRIPaKEHBI B IPOIICHTAX.

2.5. TecrupoBaHue COOPAHHBIX OKTAHTOB

[Ipouenypa wucnbpiTaHUud CUUHTHWUIALMOHHBIX cyeTyukoB B HMDBD
BKJIIOYasa B ce0S U3MEpPEHUsS CBETOBBIXOJAa CUETYMKOB C IOMOIIBIO
PaIMOaKTUBHOTO MUCTOYHUKA. HECKOIBKO CUETUMKOB KAXKJOTO pa3Mepa ObLIn
MPOTECTUPOBAHBI HA KOCMUYECKHX MIOOHAX, YTOOBI YCTAHOBUTH COOTBETCTBHE
MEXJy pe3yJibTaTaMu U3MEPEHUN MCTOYHUKOM W YUCIOM (DOTORIEKTPOHOB.

Yucno GoTo3IeKTPOHOB, PETUCTPUPYEMBIX CUETUUKaMU, MeHsieTcst oT 240 s
30



CaMBIX MaJIEHBKHUX CUETYHUKOB cJIost A 10 70 g camMbIX OOJIBIIMX CUETYUKOB
ciost C. HeomnopoaHnocTs cBeTocOopa cocrasisieT £10%.

Kaxnpiii coOpannbiii B depmunade OKTaHT MOMUMO TECTHPOBAHUS Ha
CBETOJMOAX ¥ C TOMOMIBIO PAaJHOAKTUBHOTO MCTOYHHKA SP° TeCTHpOBAncs
TaK)K€ U Ha KOCMMYECKHX MIOOHAaX. JlJIsi KaKIOW BBICOKOBOJIBTHOM I'PYIIIIbI
YCTaHABJIMBAJIOCH pabodyee 3HAUYEHHE BBICOKOTO HAIPSHKEHUS, TPUITEP B
anekTponHblx Moayisx SFE (Scintillator Front-End Boardyrasmics B
nosnioxkenue “OR”, a mopor AMCKpUMUHALIMK ycTaHaBiIuBalics ot S MB mo 50
MB, 4TO naBasio BO3MOKHOCTH paclo3HaBaTh HEPAOOTAIONIUE M LIyMsILIUE
KaHaJpl. Pe3ynpTaThl TaKMX TECTOB Ha MpuUMepe okTaHTa SAG 11 3HaYeHUs
nopora 30 MB mpeacrasnensl Ha puc. 2.13, 2.14u 2.15. Hepabotarouiue
KaHalibl, BO3HUKAIOIIME BCIJICACTBHE HEIMONAJ0K C CaMUMHU CUETYHMKAMHU,
AIEKTPOHUKON SFE Wi coeMHUTENbHBIMU KaOeIsIMU, JIETKO ONPEIesINCh
M0 MpOBaJIaM Ha KAPTHHKE, IIYMSIIHE — M0 HECOPa3MEpPHO OOJIbIIEMY YHUCITY
cpa0OaTpiBaHMIl B KaHalax, 4eM B COCEAHMX ¢ HuUMHU. [lyrem BapbupoBaHUs
BEJIMYMHBI TOpOTa JUCKPUMHUHAIIMM BO BpeMs TECTHPOBAHUS pPa3HBIX
OKTAHTOB OTIPEJIEIISIOCH paboyee 3HaUeHHE ITOTO Mopora JJjsi Habopa JaHHBIX
OT YCKOPHUTEJIsI, KOTOpOE B UTOTre cocTaBuio 7/ MB.

JleBast BepxHsisi KapTHHKa Ha puc. 2.13 mokasplBaeT cpelHUE 3HAYCHUS
MbEIECTAJIOB JJIS KAXKI0TO U3 CUETUUKOB, MPOHyMepoBaHHBIX 0T O 10 95,1 ux
RMS, koTopoe yBenTn4HMBaeTCs ¢ YBEIMICHUEM pa3Mepa CUECTUMKOB (caMu xke
pa3Mepbl  CUETUYMKOB  YBEJIMYMBAIOTCS  NPUMEPHO  MPOMOPLHMOHAIHHO
nopsiikoBoMy Homepy). Takue Oonbiime 3Hadenuss RMS mis kaxmoro
cueTyrka OOyCIOBICHBI HanmumuueMm peakux (~1%) cpabarbiBaHuii OT
KOCMHUYECKMX MIOOHOB C AaMIUTUTYJaMH, 3HAUUTEIBHO IPEBBIMLAIOIUMUI
3HauyeHus nbenectanoB. Cueruynku ¢ Homepamu 76-78He ObUIM yCTaHOBJICHBI

B 3TOM OKTAHTC B CHIIY €TO TCOMCTPUICCKOTO ITOJIOKCHUA.
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Puc. 2.13. Pesymprarel TecTupoBaHHS OKTaHTa SAG Ha KOCcMHUYeCKHX MIOOHax. CieBa
BBEPXY — CpEJHHE 3HAUeHHs HbeaecTanos, Bkmodas penkue (~1%) cpabarteiBanms ot
KocMuueckux MIOOHOB. [lo ocu X — HOoMep cueTumka. CneBa BHH3Y — CpEeJHHE BpeMeHa
perucTpanud MIOOHOB, CIIpaBa BBEpXy — Kapra cpadaTblBaHWM, clpaBa BHU3Y —
pacrpenenenue yncia cpadbareiBanuii. [lopor muckpumunanuu pasen 30 MB. Cuerunku ¢
HoMepamu 76, 77, 78i¢ yCTaHOBJICHBI BCJICACTBHE TCOMETPUUECKOTO TIOJIOKEHHS OKTAHTA.

Ha neBoM HIXHEM pHUCYHKE IMOKa3aHbl CPEIHUE BPEMEHA PErucTpaluu
MIOOHOB CYETYMKAMH OTHOCHTEJIBHO CHTHAja 3amycka Tpurrepa. Ha mpaBom
BEPXHEM pHUCYHKE TIPEJCTaBI€Ha KapTa CpabdaThIBAHUNA  CUETYHKOB,
JEMOHCTPUPYIOLIasl yBEIMYECHUE YHUCIa CpadaThIBaHUM CUETYMKOB IO MEpe
YBEJIIMUECHUSI HMX TIEeOMETPUYECKUX pa3mepoB. Hakonen, mnpaBblii HUXHUU
PUCYHOK TIOKa3bIBaeT paclpeiesieHue 4YHuciia cpadaThlBAaHUNA  CUYETYMKOB,
MOATBEPIK/Iast peobIiajanue 0THOMIOOHHBIX COOBITUH.

Ha puc. 2.14 u 2.15 npexacraBiieHbl BpeMEHHbIE M IbEIECTAIbHbBIC
pacnpeneneHus A CUeTYMKa C CaMbIMU OOJIBIIMMH pa3MepamMu B OKTAHTE

(SA6-95)u cymmapHbie pactpee/IieHus A BCeX CUETYMKOB 3TOTO OKTAHTA.
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JleBble PUCYHKM HAIJIAHO JNEMOHCTPUPYIOT JMANa30H BPEMEHHBIX BOPOT BO

BpeMs 3TUX TeCTOB — nopsinka SO Hc.

chan 95 time | —choStime chan 95 ampl I -
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C Mean 62.57 20000 Mean 35.02
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Puc. 2.14. Pe3ynbrarel TecTupoBanus caetduka SA6-95Ha kocmudaecknx MrooHax. CrieBa
— BpemenHOe pachpeeneHue, Cupasa — MbeIeCTaTbHOE.
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Puc. 2.15. Pe3ynbrarhl TecTHpOBaHUs OKkTaHTa SAG Ha KOCMHYeCKHX MIOOHaxX. CreBa —
cyMMapHoe BpeMeHHOe pacrpe/eneHue st Becex 93 CY4eTunKOB, CrpaBa — MbeAeCTAIBHOE.
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3. MoHuTOpUpOBaHHEe M KAJHOPOBKH CHCTeMbl TPHUITEPHBIX

CHMHTUW/UISIIHOHHBIX CYETYUKOB BO BPEMS BTOPOIo ceaHca
3.1. Kaau6poBka BbICOKOBOJIbTHBIX HCTOYHUKOB MUTAHUS

BricokoBonbTHas cuctema skcriepumenta DO ocHoBana Ha VME momynsix
[28]. Hdus paboThl CO CIMHTHWUISIAOHHBIMH TPHUITEPHBIMH CUYCTUUKAMU
nepeHeld MIOOHHOM CHCTEMBbI UCHOJIB3YIOTCS BOCBMUKAHAIbHbIE HCTOYHUKHU
nutanus VME 4877PS ¢ wmakcumanpHbiM  TokoM 3.2 MA. UYtoObl
MUHUMU3UPOBATh YUCJIO  HUCHOJb3YEMBIX HCTOYHMKOB MHTaHusA, 16
(GOTOYMHOXKHUTENEH CO CXOXHUMH 3HAUYEHHUSAMH pPabOYyero  BBICOKOTO
HaNpsDKEHUS TOJKIIIOYEHBl K OJHOMY HMCTOYHHMKY. Takum oOpa3om, BCEro
3aneiicteoBano 6 VME xkpeiitoB ¢ 288 ucrounnkamu nutanus. Tunuunoe
3HaUCHHE TOKa 4dYepe3 [eNuTeNlb cueTunka cocTamisier 145 MxA mnpu
Hanpspkenuu 2.0kB.

Kak yxe ynomuHanock, 48 OKTaHTOB CHUHTHUISIIMOHHBIX CUETYHKOB (110
96 CYeTYHMKOB B KaXI0M) OOpa3ylOT TPHUITEPHBIA JIETEKTOP MEPeaHCH
MIOOHHOM cucTtembl yctaHoBKU DO. BHyTpu okTanTa cueTynku pa3OuThl Ha 6
rpynn (1o 16 CYeTYMKOB B KaK[I0MW), KaXKaas M3 KOTOPBIX IMOJKIIOYCHA K
OTJEIbHOMY BBICOKOBOJIBTHOMY MCTOYHUKY MUTaHUS. I KaX/I0T0 CYETUYHUKA
IpyNIbl OMPEAEICHO 3HAYEHUE ero pabovero HampsuKEeHUs Kak HalpsDKEHHUE,
P KOTOPOM CHUTHAJI OT SP° cocrasmsier 30 MB o ociuiorpady. Cuetyuku
oTOMpaiuCh B TPYHIBl C TEM pacyeToM, YTOObI 3HaueHue padbodero
HaNpsDKEHUS. OTJEIBHOTO CYETUMKA OTJIMYAJIOCh OT CPEIHEro 3HAYCHHS IS
rpynnsl He Oosee yem Ha 25 B.

MonuToprpoBaHHe BBHICOKOTO HAMPSDKEHUS OCYIIECTBISETCS C MOMOIIbIO
CHEIMaTbHON TporpaMMebl. Jlucruieil BHICOKOTO HampspKEHUs U300pa)keH Ha
puc. 3.1. Ora mporpamma TO3BOJISIET CIAEAUTH 3a pabOUYMMHU 3HAYCHUSMU

TOKOB | penps BBIPOKEHHBIMM B MUKpOamIepax, M HapsKEHUN Vi,

BBIpAXKCHHBIMH B  BOJIbTAX, JJII Ka)I(Z[OfI BBICOKOBOJILTHOM I'pyHIIbI.
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ConpoTuBIeHHE OIHOTO NEIUTENs Ryy MOXKHO pacCUUTATh CIEAYIOLIUM
obpazom: Reae = Veas | Tease = Veeno / (Teeo I N) = (Voo " N) Mgerp
rae N - 9KciIo CYeTYNKOB B TaHHOHM BBICOKOBOJIbTHOM rpymme (ot 1 10 16).
JUis Bcex Tpynn CYETYMKOB 3Ta BEIWYMHA JOJDKHA COOTBETCTBOBATH
peasbHOMY CONPOTHBIICHUIO aenuTens. TunmuuHoe 3HadeHHe R,y PaBHO

13.7 MQ.

Fle  View Set  Plet  Strt mlpl

MUG HDT | MUG Pixel A Hoth | MUG Pixel B Novth | MU Pixel C Hovth | MUG Pixel A South | MUG Pixel B South | HUD Pixel C South |

Channel  WTHR  Lmex  UMas  USet U Rmd LRed  stte | chanmel U THD  LMe:  WMms  USet URed Leed Stk |
PaMol [ <1899 [ aso0 | 1600 (| -1g00 |-1399.2 || 185E. PaMDZ | <1896 || 2500 || -1590 || 1590 |[-15894 | 16555
pamos | -1gea [ 2sa0 || c1o0 || -18000 [-15094 panos | 1698 || 2800 | -1eo0 || -teoo -1s9a7 |
PANDS -168a || 2500 | -1590 Iisgu, -_'.1'5_3954_ X PANDE -1E87 2500 || -1580 Ied_S%fU' 5P|
pamo? | 1701 || 2500 | -1s00 I-l_f;sél}:(: -1599% pangs | 1638 || 2500 || -1630 I--'tgs__ao_ -1823.1

PAMOS [ -1895 [ 25000 | -1540 I -1640 [-16596 || 1913, | panto -1771 | 2500 (| -1650 I -1650 [-1649.9

pabtt | =tvsw [ 2soo || -1r20 I---1.?2cu -7z || Famiz | -17e3 || 2500 | -t7o0 I-:'t?occ ERCEECH I
PAM1E | -1833 | 2500 | -1620 I.-.i':szt_t,_ ,.'.1{523'_1_ . Pant4 | -1gs2 | 2500 | -1610 I,J_q.ro' -160a7 || -
pamts | w1691 | 2500 || -1510 || 1610 :-"ij-étf;f"s_' PANTE | -1692 259@‘ -1520 || -1630 |-16205

PAMIT [ -1B34 [ 2500 | 1640 (| 1640 |-16396 || 1915 | pamts [ -1gas || 2500 | 183 1630 |-16302

pabta | =15ar [ z2son || -14e0 I---HQD S4BT pamzo | -tg32 || 2500 | -1s50 I-::'tssu -1s4ag |
Pabzt | -d594 [ 25000 | -1880 I.-.i;'_sgsq,. -57a || 4 panzz | -18a5 | 2500 | -1620 IJE&O _181a7 |
patizs | -1894 | 2500 | -1520 I -i5z0 |- 1519, panzt | o189 || 2500 | -1sz0 I'tszo 15195

PAMZS [ <1700 (2500 | -1500 I -ig0n |- 15865 || | parzs | -170s || 2500 | -1590 |-1=59_'o_ -1530.1 || s
pamzy | -170s [ 2son || -1e30 I---mao S1BE0.T panzs | -17se || 2s00 | -1es0 I-:'msa ERTPTRE
pamza | -fzaz || 2500 | -te7e || -1e70 |-tesaz || Pamzo | -1798 || zs0o || -1ss0 || -tes0 |-1sveg |
pamsi | -1708 [ 2s00 | -isso (| -iss0) [-1s7as pans2 | -t70s || 2500 | -1se0 (| -tsen |-1sano| 1s
PAN33 [ <70z [ 2500 | -1500 I 1500 |-16004 || | pans 170z || 2500 | -1590 I 1590 [-1590.0

pamss | 170z [ 2so || -1se0 Iim -850 panze | 1703 || 2500 | -1e00 I-:'wacc -AE00.1 || -
PAMET -4704 || 2500 || 1620 I.-.1st,2q,. -.'1(52031_ g PAN3E .-.1é_o_tg. 2500 || -1630 I -1630  |-1630.0

Pamss | -17oz | 2500 | o150 || s |-18aid RardD | 1710 | 2500 || <1640 || -1640 |-15403

PAMAT [ 1778 [ 2500 | -1560 I -1560 [-1659.5 || 1 | parsz | -t7rs || 2500 || -1es0 I -1E60 [-1853.3 | 13
pam4s | =159+ [ 2500 | c1s10 || 16100 [-1E1005 PaN44 . | -tror ([ o2s00 | -1e30 || <1630 [-16295

PAN4S ~163a || 2800 [ -1610 .-.i':s.]_c_;. -.'.16&9;«;_ 17RO PAR4E .-.1#0_1' 2500 || -1620 || -1620 ~.{_6"1€_k_5

parar | -teve || 2500 || -1660 I 1660 |- 1659.3 PANHS | 174 259& - 1650 I.-'_rﬁ_t:,u' -t54a7 | ta:
status: |

Reconnect | Cifline | online. | off | on | Ranp Pause Resume | Lock | unloick Reset

Puc. 3.1. lucnuieit BBICOKOTO HANPSIKCHUSI.

Hanpumep, mis BeicokoBosbTHOM rpymmbl 2 oktanta NAD, comepxareit
16 cuerunkor (PAN33 Ha pwuc. 3.1), moaydaem 1o 3T1oit dopmyire:

R.e (PAN33)= (1600.1 V * 16) / 1867.3 A = 13.7MQ. Jina rpynmsr 4
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okranta NAS, conepxameii 13 cuetunkoB (PAN35 na puc.3.1), mosyyaem:

Ry (PAN35) = (1589.3 V * 13) / 1505.6 A = 13.72Q. C noMompio

CIIEIIMAJIbHOM MPOrpaMMbl, OTCJICKUBAIOIIEH JTH 3HAYECHUS, JIETKO
JMArHOCTHPYIOTCS. BCE OTKJIOHEHHUS OT pabouyuX 3HAUYEHUH M HEMOJAJKU B
BBICOKOBOJIBTHOW cucTeMe. B ciyyae BOZHMKHOBEHUSI CEPHE3HBIX HEIOJIaJIOK
BBICOKOBOJIBTHBIA UCTOYHHUK MUTAHUS 3aMEHSIETCS.

Ha puc. 3.2 u3zob6paxeHn Ttak HazpiBaeMblii SRC MOHUTOp, HEOOXOIUMBIN
UIs HAOMIOJIEHUsI 32 COCTOSHMEM U YCTPAHEHUS HEMOJAJoK ¢ pabouyuMu
Kkpeiitamu  (KOp3MHAMM) CIHUHTHUIAIMOHHBIX CYETYMKOB LEHTPAIbHON U
nepeHeld MIOOHHBIX CHCTEM, HaxXOIALIMMHCS HEMOCPEACTBEHHO B 3aje
skcriepumenta DO. OH mo3BoJisieT KOHTPOJUPOBATh 3HAUYECHUS HANPSKEHUH
HU3KOBOJIbTHBIX ~HCTOYHUKOB TMUTAHUs, TeMIEpaTypHblE 3HAYEHUS U
JIOTUYECKUE OMIMOKH COCTOSIHUA JJeKTpoHUKH. OpuH paboumii KpeuT
oOciyxuBaeT 4 okranta. Takum 06pa3oMm, 48 OKTAaHTOB CUETYMKOB NEpeHEN
MIOOHHOM CHCTEMBbI 00CITYy>KMBAIOTCS ABEHAALATbI0O KOP3MHAMHU, HA3BaHHBIMU
o CBOEeMy reorpaguueckoMy rmoJjoxkeHuto. Hampumep, pabouuit kpelt
NABET (North AB East Top}- ato ceBepo-BocTOUHBIN BepxHUit AB kpeiir,
conepxanuit oktrantel NAO, NALl, NBOu NB1. B ciiyyae BO3HUKHOBEHUS
npobsieM ¢ KOpP3UHOW, €€ MOXHO JHCTAaHUHOHHO TMEperpy3uTh WU
BBIKJIFOYHTh/BKJIFOUUTH C TIOMOIIIBIO 3TOI0 MOHUTOPA.

JUis  KOHTpOJs paboThl BBICOKOBOJIBTHOM CHCTEMBl TMEPUOJAMYECKU
(mpumepHO pa3 B TOA) MPOBOAMTCS KAIMOPOBKA BBICOKOBOJIBTHBIX
MCTOYHUKOB THTAaHUA TOCPEACTBOM CpPAaBHEHUS BEJIUYMHBI HAMpPsKEHUS,
CUUThIBaEMOro mo auciuieto (cM. puc. 3.1), ¢ BEIUUMHON, H3MEPCHHOMU
U(GPOBBIM BOJBTMETPOM C HCIOJIb30BAaHUEM KaJIUOPOBOYHOIO JEIUTENS
1:1000.B ciyuae oOHapyskeHHs1 OTKJIOHEHuUs1, Oonbiiero, yem 30 B (a Takoe
cliyyaeTcsi MPUMEPHO pa3 B JBa-TpU T0Ja), HCTOYHHK 3aMCHSETCS.

Pe3ynbTatsl, noayyenusie B okTsi0pe 2005rona, n3o0paxkeHnsl Ha puc. 3.3.
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File  View Help

Cracbe Stadus SFE Stadus
SR Mame 45 Uolts - 5 Lalts H2 Uolts  -12Uolts CrateTemp  SRC Temp Stahis Promer
Cenfrel East- CMESC- G5 0150
CEB 495 -4.58 “11.90 1193 2616 ‘28,16 Hotmal en | clear | meset |
CES 499 -4.02 1171 1133 || =ser | =man armal on | clear | Reset |
CET 4,99 495 1151 - 1203 2656 | 2t4d | mormal o | clear | meset |
Cenfral test- CHWSC- GS 03T
CWE 445 482 12.00 -11.83 2624 24 52 hormad on | cClear | Reset |
Cis 439 -5.00 180 1203 32,00 255D Hrml on | clear | mreset |
cwr 505 492 1140 -i1a3 | zsen | ozeoo || peoml on | clear | Reset |
Forward Morth- Fril S - G5 33
M&EET 485 504 12.00 -113% 6186 k40 || Mormal on | clear | Reset |
P BT +.95 a2 1181 -11.93 30,40 2454 hormal en | clear | meset |
P4 BAVES 445 402 Az 1193 2560 2504 Hrml on | clear | meset |
HéBEE 435 e 1183 | 2818 | 28 Mofmal on | clear | meset |
HEE +35 -500 1210 -11.33 2560 22z | Momad on | clear | Reset |
PICH +.99 504 1181 1203 2432 20,80 hormal en | cClear | meset |
Farward South- FIS5- G5 0432
SABET 495 -508 4210 -1z.z2 2560 EROF homal on | Clear | Reset |
S ERT 499 426 || 1190 13 || 2sen | ozmor || memal on | clear | Reset |
SAEWE 499 -E04 1140 -1143 ZE45 2240 || Womal on | clear | meset |
SABEE 4.1 406 11,90 -11.93 3040 2550 poormal on | clear | Reset |
SCE 507 -5.00 Az 1203 2400 227E Hrml on | clear | meset |
s 401 4 || s 1193 [ zz0e | 2142 armal on | clear | Reset |
stadus: |
Reconnect | Clear | Reset |
Puc. 3.2. SRGuonuTOp.
B D 11
70 Entries 288
C Mean 7.278
60 — RMS 2.399
50 [
40
30 |-
20 [
10 |
O :\ ‘ [ e ’_‘—1 | | ‘ Ll ‘ | ‘ L1
—-10 =5 15 20 25

V(meas) — V(read), V

Puc. 3.3.Pe3ynpTarhl KaIMOPOBKY BHICOKOBOJIBTHBIX MCTOUHNKOB nuTanus 3a 2005roz.
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3.2.CBeToAu0IHAN KAJINOPOBKA
3.2.1.Cuctema cBeTOAMOAHOM KAJIUOPOBKHI

Tounas  uHpopmamMss O  BpPEMEHM  TMOSBICHUS  CHUTHAJIOB  CO
CIMHTWUISILIMOHHBIX CYETYMKOB BayKHA IS 9P (HEeKTUBHON pabOThl MIOOHHBIX
TPUITEPOB, M3MEPEHUN BPEMEHHM TMpoJieTa dYacTull Hu 3PEPEKTUBHOTO
nojiaBieHus: HOHOB, BHI3BAHHBIX, B OCHOBHOM, HAIMYMEM «TaJI0» IPOTOHHOTO
U AQHTUNPOTOHHOTO  Mmy4koB. CTaOWIBHBIA  AMIUTUTYJIHBIA  OTKIJIMK
oOecreynBaeT BBICOKYIO 3((EKTUBHOCTh PETHUCTPALMU MIOOHOB U HHU3KYIO
YyBCTBUTEILHOCTh K IIymMaMm. JlJii MOHMTOpPUpPOBaHHS CTaOMIBHOCTH
BPEMEHHBIX CUTHAJOB, KOA(P(GUIMEHTOB YyCUICHHS (OTOYMHOXHUTENCH U
CTaOUJIBHOCTH JJIEKTPOHMKU Obla pa3zpaboTaHa CBETOJUOJHAS CHUCTEMa
kaauopoBku [29]. CeToamoasl OCBEMIAIOT (OTOYMHOXKHTEIH CBETOBBIMU
UMITYJIbCAMU, CXO0KMMH 0 aMIUTUTYJE U (hopMe ¢ UMIYJIbCaMU CUTHAJIOB OT
npoxoxaeHuss MioHOB. Cuctema coctoutr u3 48 momaynei, Kaxnapld u3
KOTOPBIX  3aKpeljieH Ha  IUIOCKOCTH  COOTBETCTBYIOIIETO  OKTaHTa
CHMHTWUISILIMOHHOTO JIETEKTOpA.

Kaxxaplii cueTuyrK MOAKIIOUEH K CBOEMY KaHAIy 3JIEKTPOHHOI'O MOMIYJS
SFE, B koTopoMm mpoucxoaut ouudpoBka curHaioB ¢ ®OY. Oaua Momxynb
uMeer 48 BXOJIOB U, TakuM 00pa3oM, OOCIY>KHMBAEeT TMOJOBHUHY OKTAaHTA.
[Tomumo 96-<u pabouux wmoayneir SFE k pabouelt kop3uHe ObLTH
MOJKIIIOYEHBl JIBAa JOMOJHUTEIbHBIX, HEOOXOAUMBIX [UIsI TPOBEICHUS
poLEaYphl KATHOPOBKHU HA CBETOAHOIAX.

Cxema 0/IHOTO MOJYJIsSi CHCTEMBI CBETOAMOHON KaTuOPOBKHU MpECTaBICHA
Ha puc. 3.4.I'eneparop cBeToaAn0Aa GOPMHUPYET UMITYJILCHI TOKA JUIS 3aIlycKa
ceetoaunozaa. Mcmonb3ytores cunne cBeroanoasl NSPB320BShupmer Nichia
America CorporationfiockoibKy UX CHEKTP U3IydeHHs OJM30K K CHEKTpam
MOTJIOUICHUSI CMECTHUTENeH CUUHTWUIALMOHHBIX CUYETYMKOB M (HOTOKATOIA

ODY. Hna obecneyeHHs OJAHOPOAHOCTU W3JIYUYECHUS CBETOBOM HMIIYJIbC,
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Perynuposka
Mogynu BONOHOHHBIM ~ HATAMEHMA
Paswvempl CeeToguop cMewMBaHMAa cBeta  [Nuu-guog  Younutens Mogynb BOMOKOH Bonorxa

\ . } \\.-"I , ! /

) 1
/A 7 \

[ I £ f X
Koawchan. renepaTop Mutanve OcHoBanMe Bnoxm B yrnybnenmm
kabenwm CBETOOHOAS YOUNTHTENR CHCTEMBEI OCHOBAHWMA

Puc. 3.4.Cxema MOyt CHCTEMBI CBETOJMOIHOM KaTNOPOBKH.

CTCHCPUPOBAHHBIA CBETOJMUOJOM, TPOXOIUT JBA MOAYJIS CMEIITMBAHKS CBETA.
3a TepBBIM U3 OTUX MOIYJICH IS MOHHMTOPHPOBAHUS CTaOWIBHOCTH
CBETOJMOJIa pa3MellleH KpeMHUEBbId NMuH-guoa Hamamatsu S6773Bropoit
MOJYJb CIIYKHT JIJIS JaJIbHEHIIIETO CMEIIMBAHUS CBETA MOCPEICTBOM IOJTHOTO
BHYTPEHHETO OTpakeHus. [Ipodass MOIyJu CMEIIMBaHUSA, CBETOBBIC
UMITYJIbChI Pa3/eIIIOTCS B BOJIOKOHHOM MOJYJIe W Jajiee 10 pa3JeibHBIM
CBETOBBIM BOJIOKHAM PACHpPOCTPAHSIOTCS B KaXKABIA W3 CYCTUMKOB JIAHHOTO
OKTaHTA.

CBeroaroHasi CUCTEMa YCIICIIHO HMCIOJIb30BAIACh JUISI TECTUPOBAHHS
CUCTYMKOB BO BpeMsi HX COOPKHM U TMPOJOJDKACT WCIOJIb30BAThCSA IS
MOHHUTOPUPOBAHUS PabOTHI CUYCTYMKOB BO BpeMs HaOopa JTaHHBIX. BBumy
TOTO, YTO MOHUTOPUPOBAHHUE CTAOMIIBHOCTH aMILTUTY]T U BPEMEH 00JIee TOYHO
OCYIICCTBIISICTCS Ha YCKOPUTEIBHBIX MIOOHAX, 00pa3yIOIIUXCS B pe3yJbTaTe
NPOTOH-aHTUIIPOTOHHBIX CTOJIKHOBEHHU# (00 3TOM peup moiiner B maparpade
3.3), cBeTOaMOAHAS CHCTEMa MCIIOJIb3YETCsl, B OCHOBHOM, JIJISI TECTUPOBaHUS
AJICKTPOHUKH U CAMHUX CUCTYMKOB BO BPEMS PEMOHTA CUCTUMKOB HIIM 3aMCHBI
OJIOKOB 3JICKTPOHHMKHU. TeM He MEHEe MPUMEPHO pa3 B TOJI MIPOBOIUTCS IMOTHASL
CBETOJIMO/IHASI KAJIMOPOBKA BCEX CUETUYHMKOB JUISI MPOBEPKU CTAOMIBLHOCTH HUX

pabotsr [30]. BnepBrie 3ta mpouenypa Obiia mpoeenena B mae 2001 roza.
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HonyquHHe TOTJa PE3YJIbTAaThl CTAJIM PCICPHBIMU JIJISI BCCX ITOCJIICAYIOIMINX

KaJIMOPOBOK.

3.2.2. Ilpoueaypa kaJuOpPOBKH HA CBETOAHOAAX

CBeronuoaHasi KaluOpOBKa TMPOU3BOIUTCA cleayromuMm obpazom. B
OTCYTCTBHE Iy4yka B THPBaTpoHE BBICOKOE HANPSIKEHUE Ha CUETYHKAX
nepxkutcsi Ha ypoBHe 50% ot pabGouero. [l kammOpOBKH KpeWT ¢
ANEKTPOHUKON CUHUTBHIBAHUS CHUHTWUIALMOHHBIX CYETUYUKOB TNepeaHei
MIOOHHOM CHUCTEMbI MEPEBOAUTCS B JIOKAJbHBIA PEXHUM paboThl. Bricokoe
HamnpsDKEHUE TMOJHUMAaeTcs 10 pabodyero 3HAa4YeHHs. 3aTeM C IOMOIIbIO
CIELIMAIBHOM MpPOrpaMMbl B KPEUTbI C DJIEKTPOHUKOW 3arpyKarorcs
napameTpsl, coorBeTcTBytonue 3HaueHusM 2001rona, — 3ajepKKu, Macku 1
T.4. [loToM AJis KaXJI0TO OKTaHTa 3arpyXaroTcsl MmapaMeTpbl CBETOJIMOAHOTO
reHepaTopa (aMIUIUTyAa W 3alepriKKa), MOCIEe Yero HA4YMHACTCS MpOIeaypa

KaJTMOPOBKH.

3.2.3. Pe3yabTaThl CBETOAHOAHBIX KAJIHOPOBOK 32 ceMb JieT padoThl

Tunuunas xapTuHa, HaOmOgaeMasi TPU  TPOBEJACHUU CBETOJUOTHOU
KaIMOpPOBKHU, TpE/icTaBlieHa Ha puc. 3.5. DTU pacnpeneraeHus: OTHOCITCS K
omHoMy pabouemy kpeiity SCE (South C Eastpro-socrounsiii cioit C),
BKIIIOUaroeMy B ce0st yeTsipe okranta — SCO, SC1, SC6, SC7.

Ha mpaBom BepxHEM pHUCYHKE MOKa3aHO paclpeesieHue 1Mo cpaboTaBIIuM
KaHajlaM, OTpaKarollee KOJIMYECTBO MPHUIICIIINX CUTHAIIOB B KAXKIOM KaHale
naHHOro Kpeira. Kanansl nmpoHymepoBanbl ¢ HysneBoro no 384+r1ii. Ilepsrie
96 cootBerctBytOT OKTanTty SCO, cnenytomue 96 —okranty SClwu 1.1. Ha
HTOM PUCYHKE BUJIHO, YTO 32 BpeMs KaJTMOPOBKU CBETOAMO B KaXKJIOM KaHaje
Briroumiics okojo 13200 pas. HyneBbie oTcueThl (IpoBajibl Ha PUCYHKE)
COOTBETCTBYIOT KaHajlaM C HECYIIECTBYIOIIMMH MM HEpaboTaloIUMU

CUCTYHMKaMU.
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Ha neBom HmwxHem pucynke (puc. 3.5) npezacraBieH npoduib cpeaqHux
BpeMeH A Becex 384 kananoB. Cpeanee Bpemst curianoB ¢ DY uzmepsiercs
IpU KaXIOM CUUTHIBAHMHM M TPEACTaBIsSeT COO0W Bpems OT CHUTHaja
“mepecedeHus My4yKoB” J0 MOMEHTa JOCTHKEHHs curHaigoMm ¢ DY ypoBHsS
nopora auckpuMuHanuu (7 MB). Takoii pa30poc 3HAYCHUN «CHIPBIX» BpEMEH
CBSI3aH, B OCHOBHOM, C pa3iW4yMeM B JJIMHE CHUTHAJIbHBIX Kabened. OTu
pasnuyusl, a TAK)Ke pa3Hble 3HAUCHHS BPEMEH MPOJIETOB YaCTHUI, yCTPAHSIIOTCS
npu pabote Ha TaBarpoHe BBeneHHEM caBuraronmx koucrant TO (cM. pasmen
3.3.4).

JleBblii BepXHHMII PHUCYHOK IOKa3bIBaeT NpOGUIb CPEAHUX AaMIUIUTYA,
OpuueM  JUIsi  HECYIIECTBYIOIIMX  WMJIM  HEepalbOTaloIHUX  CUYETYUKOB
3aMKMCHIBAIOTCS MbeICCTANIbHBIC 3HAUCHUS KaHANoB SFE (unuuHbie 3HAUCHUSI
coctaBisior 30—50 orcuetoB AILIIl). AMmiuTyaa B OJXHOM COOBITHHM H3-3a
MYJIbTUIIEKCOPHOTO HM3MEPEHHS CUHUTBIBAETCS TOJBKO ISl OfHOro u3 16
CUETYMKOB JaHHOW BBICOKOBOJBTHOW rpymmbl. [Ipu 3amene Onoka SFE
NbEJeCTAIIbHBIC 3HAYEHHS] BCEX COOTBETCTBYIOIIMX KaHAJOB MEHSIOTCH,
MO3TOMY OHH JIOJDKHBI OBITh HW3MEpPEHbl BHOBb IMEpeja  CleAyoen
KaTMOpOBKOW. DTH 3HAYEHUS BIIOCJIECJICTBUU BBIYUTAIOTCS M3 W3MEPEHHBIX
aMIUTUTYAHBIX 3HAY€HUU TpH 00pabOTKe CBETOAMOHBIX TaHHBIX.

Hakonen, ©Ha mpaBOM HI)KHEM pPHCYHKE I[IOKa3aHO CyMMapHOe
aMIUIUTYAHOE pacipeneneHue s Bcex 384 kaHanoB JaHHOTO KpenTa.

Ha puc. 3.6 npencraBieHsl pe3yiabTaThl CBETOJUOIHON KaTHMOPOBKH IS
onHoro cuerynka, SCO-5:Ha 1eBOM pHCYHKE — BpeMEHHOE pacrpeiesieHue
CUTHAJIOB OT CBETOJMO/1a, Ha MPABOM — aMILUIUTYAHOE paclpeesicHuE.

[Ipu o6paboTke HaHHBIX HCIIOIB30BANACH CIEAYIOIIAs TpoleAypa: i
KKJOro KaHajla MbeJeCTaTbHOE 3HAYEHUE BBIYMTAJIOCh W3 aMIUIUTYAHOTO
3HaueHusl (TO JKe camMoe MPeIBapUTEIbHO OBUIO CHCNAHO Ui PEHepHBIX

nanubix 2001rona), MOTOM TMOJYYEHHBIH PE3yNbTaT NEIUICS Ha PETICPHBIN.

41



[ Average Amplitudes | Amps hit map | hitmap
Entries 316806 Entries 4237279
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Puc. 3.5. Pesymprarel cBerommomnoi kanmuOpoBku s kperita SCE. CneBa BBepxy:
npoduib cpeqHux amrimTya (mo ocu X — HOMEp KaHaia KpeiTa, mo ocu Y — cpeiHee
3HAUGHHE AaMIUIMTYAbl B JaHHOM KaHane, B otcuerax Allll), cmpaBa BBepxy:
pacnpezeneHue mo cpaboraBmmM kaHanaMm (X — HoMep kaHaia, Y — 4uciio cpabaThiBaHHM
B JIaHHOM KaHaJe), ClieBa BHU3Y: Npoduib cpeaHux BpemeH (X — HoMmep kaHama, Y —
CpenHee 3HAYCHHWE BPEMEHHM B JAaHHOM KaHale, B HC), CIpaBa BHU3Y. CyMMapHOE
pacnpenenenue amrmTya Ay 384 kananos (X — orcuerst ALIL, Y — uncino orcyeToB ¢
JIaHHBIM 3HAYCHHUEM AMILIATY/IbI).

chan [0,5] time 0 05time chan [0,5] ampl | 0 05 ampl
Entries 13200 Entries 875
I Mean 73.88 Mean 263.5
AT RMS  0.3972 25 RMS _ 17.69
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Puc. 3.6. PesynpraTel cBeTromumomHoW KammOpoBku it cderyuka SCO-5. Crnesa:
BpeMeHHOe pacnpeneneHue (mo ocu X — BpeMs B HC, 0 ocH Y — YHCIO CUUTHIBAHHU C
JaHHBIM 3HAYCHUEM BPEMCHH), CIpaBa: aMIUIUTyaHOe pacnpeaenenue (X —orcuerst AL,
Y —4KCII0 CYUTHIBAHUI C TaHHBIM 3HAYCHUEM aMILTUTY/IbI).
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3areM MOJIy4YeHHOE OTHOIIEHHE HOPMHUPOBAJIOCh HA OTHOILICHUE aAMILTUTY]T
OUH-1M0a (C BBIYTCHHBIMU TIhEJECTANBHBIMU 3HAUCHHUSMH) [UIS TEX IKE
HAaO0OpPOB JJAaHHBIX.

Pesynbrarel  cBetonuoaHoOW KanmuOpoBku, mnonydenneie B 2008 r.,
npeacraBieHsl Ha puc. 3.7. Ha puc. 3.7a mokazaHo pacmpeneieHue
aMIUIUTYAHBIX OTHOIICHHWH IS BCEX CUETUMKOB, KaXJ0€ M3 KOTOPBIX OBLIO
MOJIy4€HO OMMCAHHOMW BbIlIe npouenypoi. CpenHee 3HaUCHUE aMILTUTYTHOTO
orHomenust coctaBuiao 0.94 mpu o ¢ura I'ayccuanom 0.12. Jlns oneHku
BpEeMEHHO! CTaOMIIBHOCTH PabOThl CYUETUMKOB CpeHee BpeMs curHana ¢ @Y
mist  kaxgoro  cuyerumka  gaHHelx 2001 roma  BBIUMTANOCH U3
cooTBeTcTBytomero 3HaueHnus: Wit 2008 rona. CpenHee 3HaueHUE pa3HOCTH

BpemeH coctaBuiio —0.075H¢ ¢ 6 pacnpenenenus otkiaonenuit 0.55Hc (puc.

3.7h).

(9] [ n =
T 500 a) Mean=0.94 5 900 = b) Mean=-0.075
o F 0=0.12 N g00 £ 0=0.55
250 | B
z S b
200 [~ € 600
[ > =
: b 500 =
150 - &
. 400 [
100 = 300 -
E 200 F-
50 — E
= 100 &
0 }\ [ ‘ ‘ I | 0 :\ ‘ [ [ ‘ [ [ ‘ |
0 0.5 1 1.5 2 —4 -2 0 2 4
A(2008) /A(2001) T(2008)-T(2001), ns

Puc. 3.7. Pesynbrarel kanmuOpoBku 2008 r. (B cpaBHenuu ¢ 2001 r1.): @) OTHOUICHHUE
amumtyn A(2008)/A(2001), bpasuocts Bpemen T(2008)-T(2001).

Ha puc. 3.8 u 3.9 npeacrasnensl pe3yiabTaThl CBETOAHOIHON KanuOpOBKHU
3a CeMb JIET. CPEIHUE OTHOIICHUs aMIutuTy (puc. 3.8) U cpeaHne 3HAUYCHUS
pasHoctu BpemeH (puc. 3.9),a Takke MaKCHMaJlIbHbIC OTKIOHEHHS OT (uTa
npssmoit nunuert. IlepBas Touka Ha KaxJaoM rpaduKe COOTBETCTBYET
penepHomy Habopy maHHbIXx 2001lroma. Puc. 3.8 mokasmiBaeT, 4To cpemHee
3HaUYCHHE aMIUTUTYJHOTO OTHOIIeHuss crabwibHo B mpenenax 4.2% c
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Puc. 3.8. M3MeHeHus mapamMeTpoB aMIUIMTYAHBIX paclpelelicHUuil 3a ceMb JieT. &)
U3smenenns cpenHux OTHOIIEHWH aMmrudtyd. CraTUCTHYECKHE OIIMOKA HW3MEPEHHM
MeHbIIe pa3Mepa Touek. [Ipu ¢uTupoBaHNM TaHHBIX MPSIMON MAaKCHMAIBHOE OTKIOHEHHE
cocraisier 4.2%. b)13menenus ¢ pacrnpeneneHus: oTkioHeHui. [lepBas Touka Ha 000X
PUCYHKaxX — pemnepHas.

MakcuManbHOM G mo Bcem cueryukam 11.6%. Puc. 3.9 nemonctpupyer
XOpOIyI0 CTa0MJIBHOCTh CUTHAJIOB BO BpeMmeHu B mpexaenax 0.23 He ¢
makcumanbHoi 6=0.62 Hc. Dra Benmmumna (0.23 HC) oTpakaeT, B OCHOBHOM,
CTaOUIBHOCTD MpPOLEAYpPHl KanuOpoBKH. PeanbHas cTaOMIBHOCTh CUETYHKOB
npu pabore Ha TaBarpone cocrasiser okosno 0.1 Hc. OHa okazanach aaxe
3HAYUTENBHO Jy4llle, YeM CTa0MIbHOCTh CUTHAJIA OT YCKOPUTEs, 3a/1al01IET0
MOMEHT IEpPECeYeHUi MyYKOB M Hayalo0 OTCUYETa BPEMEHH ISl JETEKTOPOB.
W3meHenue o pacopepencHust otkioneHwii (puc. 3.9b) xapakrepusyer, B

OCHOBHOM, CTa0WJILHOCTH 3aJIEPKKU CpabaThIBAHUS CBETOHO/IA.
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Puc. 3.9. U3meHeHus mnmapaMeTpoB BpPEMEHHBIX pAaCIpEIeleHUH 3a CeMb JIeT. &)
W3meHeHuns cpeqHuX 3Ha4eHWH pa3sHOCTU BpeMeH. CTarhcTuieckue OMMOKH M3MEpPEHHM
MeHbIIe pa3Mepa Touek. [Ipu ¢uTupoBaHNH JaHHBIX MPSAMON MAaKCHUMAIBHOE OTKIOHEHHE
cocraBisier 0.23 He. b) M3MeHenust 6 pacnpezeneHus OTKIoHeHHid. [lepBas Touka Ha
000HX pUCYHKaX — penepHasl.

3.3.Kaau0poBka Ha yCKOPHUTEJIbHBIX MIOOHAX
3.3.1. Ipoueaypa kaaudpoBKH

B sToM paspene Oyner onmucana mpouenypa U NpeacTaBiICHbl PE3yibTaThl
KaJTMOPOBKM CHMHTHIISIIUOHHBIX CYETYUKOB HAa MIOOHAX, 00pa30BaBIIMXCS B
pe3ysbTare MPOTOH-aHTUIPOTOHHBIX CTOJIKHOBEHHUH B XOJI€ BTOPOTO CeaHca
skcriepumenta DO. B oTinune oT KaluOpOBKM Ha CBETOAMOJAX HPU 3TOM
MPOBEPSIOTCS HE TOJIBKO CTAa0MIBHOCTh paboThl (OTOYMHOXKHUTENIEH U
ANEKTPOHUKH, HO M CUUHTWLIATOPA U IepeusaydyaTelieldl CHeKTpa, TO €CTh
MOJIHOCTBI0 UMUTHPYIOTCS pabodyue CHUTHAIBl CO CHUHTHWUISLMOHHBIX

CUCTYMKOB, BO3ZHHKAIOIINC TIIPpU TMPOXOKACHUU HYCPC3 HHUX IaAPAKCHHBIX
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gacTtuil. K ToMy ke 3TOT TUIl KaTHMOPOBKH MO3BOJISET OTCIEKUBATH CTAPEHUE
CHUHTHJUISATOPA.

AMIUIUTYJIbl CUTHAJIOB CO CYETYMKOB TPH TMPOXOXKACHUU YEpe3 HUX
3apsOKEHHBIX YaCTHULl U3MEPSIOTCS B XoJe Habopa CTAaTUCTUKH, HpHYEM
CIIEUTh 332 HUMH MOXXHO B PEXKHUME pEalbHOrO0 BPEMEHH C IOMOIIbIO
CIICIUATILHOTO TaKeTa MuO-examine. AMIUIMTYAHbIC PaclpeaeiCHUs s
Bcex 4704 xananoB SFE fonnuecTBO KaHAIOB 3JIEKTPOHHKH IMPEBBIIIACT
YHCI0 CYETYHMKOB, paBHoe 4214) mpencraBieHsl B JOrapu(GMUIECKOM

macmtabe Ha puc. 3.10au B nuueitHom Ha puc. 3.10b. [Tuk B paitone 40
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Puc.3.10. AMmmtynHbie pactnpenenenus s Becex 4704 x kananoB SFE franneie 2002r.):
a) B norapudmuueckom macuirade, b) B muneitHom maciirade.

orcuetoB AIIIl  cooTBeTcTBYeT  MbEIAECTAJIbHBIM  3HAYEHUSIM  BCEX
3aJIeHCTBOBAaHHBIX KaHAJIOB 3JIEKTPOHUKH, a B paiioHe 165 orcueroB ALIIL
HaOJII0aeTCs MUK OT MUHMMaabHO-HoHu3upytomux dactuil (MIP). Tak ke,
KaK M MpH KaJIMOpOBKE Ha CBETOJIMONAX, B OJHOM COOBITUM CUMTHIBACTCS
aMIUIUTY/1a TOJIBKO JUIsl OJHOTrO M3 16 cueTYMKOB JAaHHOW BBICOKOBOJIBTHOM
rpynnbsl. [[ns HakoOIUIeHHS CTaTUCTUKHM s Kaxnaoro u3 4214 cueryukon
TpeOyeTcsi OUeHb OOJIBIIOE BpPEMS, YTO JENAeT MPAKTHYECKH HEBO3MOKHBIM
MOKAaHAIbHYIO KaJIMOPOBKY BCEX CUETYMKOB. B CBSI3M C 3TUM aMILTUTYIHAs

KaJIMOPOBKa MPOU3BOIUIACH IO OKTAHTAM.
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Jlnst BBIOODKM MIOOHHBIX COOBITMH W3 JaHHBIX OblUla paszpaboTaHa
npoLeaypa, HCHONB3YIOMas KOPPEISIUI0 cpabaTblBaHUN CUYETYUKOB B
Pa3IMYHBIX CIOSIX MepeaHeill MIOOHHOW cucteMbl. OOpabaThIBAIUCh TOJIBKO
COOBITHS, TIPU KOTOPBIX OBLIN 3apErUCTPUPOBAHBI CPAOATHIBAHUS CUETUUKOB B
KaxaoM u3 Tpex cioeB (A, B u C) B 1oxHol mosoBuHe ycranoBku DO (onHa
obo3HaueHa kak "South” na puc.1.1) unu B ceBepuoii ("north” na puc.1.1) B
COCEITHUX CUYETUYHMKAX OKTAaHTOB C OJMHAKOBBIMU HOoMepamu. CoceaHHM IS
JAHHOTO CYETYHMKA CUUTAJICS TOT, KOTOPHIN OTIWYAETCs OT HEro He Ooliee yeM
Ha *1 no mocneaHe# udpe NOPsSIKOBOrO HOMEpa U He Oojee ueMm Ha *2 1o
HOMEpY psla, B KOTOpoM OH HaxoauTtcs. Hanpumep, ecnu cpaboran cueTdmk
NC1-37 (1 510 Homep okranta B ceBepHoM (N) C-croe, 37 —HOpPSAKOBBIi
HOMEp CYETYMKa), TO MPOBEPSIIOCH, CpPabdOTal JM KaKOW-IMOO CUETYUK B
okrante NB1 (mepBom okTaHTe ceBepHOro B-ciost) ¢ OqHMM U3 CIIeIyIOIIHUX
NOpsAKOBBIX HOMepoB: 16-18, 26-28, 36-38, 46-48, 56-58cm( puc. 2.1).
Ecnu takoe mpou3omuuio, aHaJOrHYHBIM 00pa3oM MpPOBEPSIIOCH, cpaboTall U
Kakoi-mn0o cueryrk B okTante NAL (mepBom okTaHTe ceBepHOTo A-CII0s) U3
Yyclia COCEHUX IO OTHOIIEHUIO K cpaboraBuiemy B oktante NB1. Ecnu na,
tTorna Bcs uH(bOpMAIUMS, Kacawoliascs 3TUX Tpex cpabarbiBanuii (HOMeEp
cpaboTaBIIer0 CUETYMKA, aAMILTUTY/a, MbEISCTal U BpeMsl CpabaThIBaHUS),

WCIOJIh30BAJIaCh B JlalibHEHIIIEH 00paboTKe.

3.3.2. Pe3yabTaThl HCCIEI0BAHUA CTAOWIBHOCTH PA0OTHI CYHETYUKOB
Ormnucannas mpolenypa BIepBbie Obla mpuMeHeHa Ha npaktuke B 2002r.
bouto o6padoTtano 6osee 635 000coObITHI, MPOIIEAIINX MIOOHHBINA TPUTTEP
ycranoBku DO. Pacmpenenenue aMIuidTya OT MbEeIECTalOB M aMIUIUTYAHOE
pacnpe/ielieHue CUTHAJIOB OT MIOOHOB, BBIJIEJICHHBIX MO NPUBEIECHHOM BBbIIIE
MeToJuKe cpabarbiBanus, s Bcex 4214 cueTynKoB MPeACTaBICHBI HA PUC.
3.11.HecMoTps Ha TO, YTO KPUTEPUH OTOOpa MO BPEMEHU HE NMPUMEHSIIUCH,

ammutyaHoe pacnpeaencaue (puc. 3.11b) mokaseiBaer, uyto > 98%
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BBIJICIICHHBIX TaKUM O6p a3oM MIOOHOB HUMCIOT AMIUIUTY IBI,

COOTBETCTBYIOIIME JHEPTUU MHUHUMAIbHO-HOHM3UPYIOIIEH YacTumbl. Puc.
3.11b Takke HEMOHCTPUPYET OIHOPOIAHOCTh CHTHAJIBHBIX AMIUIUTYIl H
MOJITBEPIKAAET PAa3yMHOCTh BBIOOpa IMopora AMCKpUMHUHAIKMK s Habopa
CTaTHCTUKH BO BTOPOM ceaHCe Ha ypoBHe 7/ MB, 4TO COOTBETCTByeT 25

kaHayam ALIIT.

x 102
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Puc. 3.11 a)Pacnpeaenenue aMIUIMTY/I OT MbeAECTANOB U D) aMrnTyaHOE pacnpeneneHue
CUTHAJIOB OT MIOOHOB, BBIICJICHHBIX [0 METOJIUKE cpadaThiBanus, )i Beex 4214
cueruynkoB (nanubie 2002r.).

AmIuaTyHbIe pacnpeneneHus 1 ogHoro u3 oktaHtoB (NCO) u oxHoro

u3 cueruyukoB (SB7-54) ¢ wmambGonbmreir mms 2002 r. craTHCTHKOI
npejcTaBieHbl Ha puc. 3.12.

JUis TpoBEepKHU CTaOMIBHOCTH pPabOThl CUETYUMKOB Ta K€ Mpoleaypa
npoBoauiack exeronno, HaumHas ¢ 2004 r. B 2006 r. mporpammuoe
oOecrieuenue st 00pabOTKH JaHHBIX B PEKHUME PEATbHOTO BPEMEHH OBLIO
3HAYUTEJIBHO YCOBEPIIEHCTBOBAHO, YTO JlaJ0 BO3MOHOCTh ObICTpee
HaOMpaTh CTAaTHCTUKY. AMIUIMTYAHbIE pactpeaeneHus mia okranta NCO u
cuetunka SB7-54, nmonydennsie B 2006 r., npencrasiensl Ha puc. 3.13 u
HAXOJAITCS B XOpOIEM COOTBeTCTBUU ¢ pesynbratramu 2002 r. (puc. 3.12).
[Tocnennuit pa3 kanmOpoBka Obuia mpoBeneHa B utoHe 2008 roma. beuio

oOpaboTano ~1.4MuwimnoHa cOOBITHH, MPOILIEAIINX BCE TPUITEPHl YCTAaHOBKU
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Puc. 3.12. Ammutyansie pacnpeneneHus s &) oktanta NCOwu b) cuetunka SB7-54.
Hanusie 2002r. BeiOpaHHBIH CYETYNK UMEIOT OOJBIIYIO CTATHCTHKY, YEM OCTaJIbHEIE.
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Puc. 3.13. Ammuryassie pacnpenencuus ajs a) okranra NCOwu b) cuerunka SB7-54.
Hannbie 2006r.

DO0. CymMmapHoe pacmpeneneHue amMmImuTya s Bcex 4214 cueTdynkoB
MoKa3aHo Ha puc. 314. 3-3a orpaHUYEHHON CTATHUCTUKU CPEIHHE 3HAUCHUS
AMIUTUTYIHBIX OTKJIMKOB CPaBHHUBAJINChH [0 OKTaHTaM. Pe3ynbTaThl Jyist
Bcex 48 okranToB mpexacTaBieHbl B Tabmuie 3.1. J[s Kaxaoro okTaHTa
CpeJHee 3HAUCHHE aMIUTUTYAbl, mofydenHoe B 2008r., aenmunock Ha cpeaHee
snagenne 2002r. U3 taba. 3.1u coorBercTBytomero ei puc. 3.15dcnenyer,
4TO cpenHee oTHouIeHue amIuiuTya paBHo 0.957.J[ns oktaHTOB ciost A 3T0
otHomeHnue cocrasisier 0.976,11s cinost B ono paBuo 0.949, 115 cnost C oHo

cocraBister 0.945 ¢m. puc. 3.15). Bo3aMoxHO, 3TO pasnuuue OOBACHICTCS
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Puc. 3.14. AMIumTy/HBIE pacnpeieieHHsI MIOOHOB, BBIIEJICHHBIX IO METOIHKE
cpabatbiBanusi, st Beex 4214 cuetunkoB (nanubie 2008r.)

Tabmna 3.1. OTHOmIEHWE CpeaHUX 3HAYCHUH aMIUMTYA, HoixydeHHbIX B 2008 r., K
nosryaeHHBIM B 2002r. 11 Beex 48 okrantoB. RMS = 0.0211 Bcex 3HaUCHUM.

OxranT | CeBep A | CeBep B | CeBep C | IOr A | 1Or B | IOr C
0.96 0.95 0.93 1.01f 097 0.9
0.96 0.93 0.91 094, 097 0.9
1.02 0.90 0.94 1.00f 0.88 0.8
0.97 0.94 0.94 092 0.97 0.9
0.99 0.98 0.95 098 0.97 0.9
0.94 0.95 0.92 1.03f 092 0.9
0.95 0.97 0.96 098 095 1.0
0.97 0.96 0.94 099 097 0.9
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Ol
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~N| O O | W N | O

Ul

MEHBIIUM Pa3MEPOM CUETYMKOB CJIOSI A TIO CPAaBHEHHUIO CO CUETUMKAMU CIIOEB
Bu C.

W3meHenune OTHOIICHUS aMIUIMTYA 3a 5.5 jer, dopmyna ¢ura mpsmoit
JUHMEW M mapaMeTpsl QuTa mpeacTtaBieHbl Ha puc. 3.16. Kak BugHo u3
PHUCYHKa, CTapeHHe BCEHl CHUCTEMBbl CUETYHMKOB B KOMILIEKCE COCTABIIAET HE
oonmee 1.5% 3a rom (P2= —0.0144mHa puc. 3.16),uyTo obecrieunBacr ce

JOJTOCPOYHYIO PaboTy.

50



Amp(2008)/Amp(2002)
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Puc. 3.15. Pacnpenenenue otHoternus Amp(2008)/ Amp(2002)yis oktanToB @) cinosi A;
b) cnost B; ¢)cnos Cwu d) Bcex 48 okranToB cuetunkoB. JJanubie u3 tada. 3.1.1To ocu Y —
YHCIIO OKTAHTOB C JaHHBIM 3Ha4eHHEeM OTHoleHus. OJHa BBICOKOBOJIBTHAS TpYIIa
(rpynma 3 B okranTe NB5) uckirouena u3 ananmmsa, Tak kak qo saBaps 2003roma Beicokoe
HAMNpsDKeHUE IS 9TOM rpymbl Obi1o moHmwkeHo Ha 100B oTHOCHTEIPHO HOMHHATA.

13
§12 - Amp(Year)/Amp(2002)=P1+P2+Year
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Puc. 3.16. 3menenne otHomeHus amMIumTyn 3a 5.5 mer. Pl u P2 —mapamerpsr ¢uta

psIMOY JIMHUEM.
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CToUT OTMETUTH, YTO NpPHU pa3padOTKe MeToJa KaIUOPOBKH CHUCTEMBI
CUMHTWUIALIMOHHBIX CYETYMKOB HAa YCKOPUTEIBHBIX MIOOHaX aBTOpP
WCIIOJIH30BaJl CBOM OIBIT, HAKOTUICHHBIH MM B €ro Tpenbiayieid paborte B
199'/~1998 rr. mo kamubposke kajmopumerpa BAPC, rme on paspabortan u

OCBOMJI METO/I KATMOPOBKHU OCTaHABIUBAIOIIIUMHUCS MiooHaMu [31].

3.3.3. BpeMeHHbIe pacnpeaeeHUsl CHTHAJIOB CO CYETYNKOB

Bpemennsie pacnpeneneHus CUTHAIOB CO CHUHTUJUISIIMOHHBIX CUETYHMKOB
JUI TIPOTOH-aHTUIPOTOHHBIX CTOJKHOBEHUM TMpeacTaBiieHbl Ha puc. 3.17.
BpemennOe pacnpeneneHue cOObITHI, MPOMIEANIMX TpUrrep “Minimum bias”
(Tpurrep Ha HamuuMe XOTS OBl OJHOIO B3aUMOJCHCTBHS B JIaHHOM
nepecedyeHun OaHdel) umeeT mupokuil muk, uaymmwii ot 0 10 ~ 70 He (puc.
3.17a), B OCHOBHOM H3-3a ()OHOBBIX YACTHII, KOTOPBIC MOMATAOT B CUYCTUUKU
mo3xke MIOHOB. MHdopmaius 0 COOBITHSX, MPOU3OIICANIUX B TPaHUIAX
(UKCUPOBAHHBIX BPEMEHHBIX BOPOT, IMEPECHUIACTCS HAa MIOOHHBIH TPUTTEP
nepBoro ypoBHsi L1. Pacnpenenenue ans Takux cCOOBITUIN MpPENCTAaBICHO Ha
puc. 3.17b,Ha koTOpOM y3Ke BHUICH YETKUil MIOOHHBIH NHK B paiioHe 0 He ¢
HeOOIBIIUM KoJu4ecTBOM (poHa. BpemennOe pacrpenesieHue i MIOOHOB,
BBIJICJICHHBIX 110 METOAUKE cpabarbiBanus (cM. pazgen 3.3.1.),mpeacraBicHo
Ha puc. 3.17C. Dra MeroAWKa TO3BOJSET NPAKTUYECKH TMOITHOCTHIO
n30aBUThCA OT (DOHOBBIX YACTHII M TOJYYUTh MUK C BPEMEHHBIM
paspemienueM o1 = 2.2—2.4 Hc. Pe3ynbrarsl, npeacraBieHHbie Ha puc. 3.17,
JEMOHCTPUPYIOT  BBICOKYIO  3(G(EKTHBHOCTH  pabOThl  TPUTTEPHBIX
CIUHTUUISIIMOHHBIX CUETYMKOB TIEPETHEH MIOOHHOM CHUCTEMBI SKCIIEpUMEHTA
DO. Oxono 50% coObITH, MPOIIEAIINX MIOOHHBIA TPUTTEP MEPBOTO YPOBHS,
Jal0T MIOOH, PEKOHCTpyHpoBaHHBIH B pexkume Off-line. Jlononanurensuas
PEXKEKIMS OT TPUTTEpa BTOPOTO YPOBHS J1a€T BO3MOKHOCTH 3aIMCHIBATH

JaHHBIC TIEpeJHEH MIOOHHOW cHUCTeMbl Ha JeHThl ¢ yuctoroir 80% wu
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s dextuBHOCTRIO 90%), 00YyCIOBIEHHOW, B OCHOBHOM, T'€OMETPUYECKOMN

s dexruBHOCTHIO M/IT.
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Puc. 3.17. BpemeHHble pacnpeeNicHus CUTHAIOB OT YCKOPUTEIBHBIX MIOOHOB CO BCEX
4214 cyetuukoB Ui &) Tpurrepa “‘minimum bias”; b) mroonHoro Tpurrepa mepsoro
ypoBHs L1; C) MIOOHOB, BBIIEJICHHBIX [T0 METOIMKE CpabaThIBAHNS.

Ha puc. 3.18 mpexncraBineHbl BpeMEHHBbIE paclpelneleHus s BCex
3apEerUCTPUPOBAHHBIX 4YacTHIl (ClieBa) W BPEMEHHBIC PACTIPEACICHUS IS
MIOOHOB, BBIICJICHHBIX 10 METOJUKE cpabaThiBaHMs (CIpaBa), Uisi OKTAHTOB
NA3 (a, b); NB3 (c, d); NC3 (e, Ha pucynkax 3.1& u 3.1& nHarssiaHo
BHUJHA pa3HHIIA B pa3Mepax BPEMEHHBIX BOPOT, KOTOpble s cios A
cocraBisitoT 84—88 Hc, a nns cnost B 54-58 He. Orta pasnuna oOycnoBieHa
pasHuIel B JuIMHE Kadeneh 10 OKTaHTOB ciioeB A u B, Haxoasmmxcs B 0OTHOU
paboueil kop3uHe. B crmoe A, pacmnonoxeHHOM OJmKe K LIEHTPY YCTaHOBKH,
Hapsily € MIOOHAMHU PETUCTpUPYETCS OONbIIOE YUCIO (DOHOBBIX YACTHII,
MOPTOMY MIOOHHBIH TIMK HE TaK OT4YeTuB, Kak B cinosix B u C,
PAaCIOJIOKEHHBIX IOCJIE JKEJIE3HOW 3alluThl. BbigeiaeHHble N0 METOIUKe
cpabaTpiBaHusi COOBITUS OT(GUTHUPOBAHBI cymMMoil ['ayccuana M mosiMHOMA
nepBoi crenenu s ydera ¢ona (cm. puc. 3.18b, d, f).3tu pucynkm
HaTJISHO JIEMOHCTPUPYIOT, YTO BCE PETUCTPUPYEMBbIE MIOOHBI MONAJAOT B
TPUTTEPHBIE BOPOTA, pabouee 3HAYCHHE KOTOPHIX IMPHU HAbOpe JaHHBIX OBLIO
paBHo 30 Hc. [lapamerp ¢urta P2 mokaspiBaer pacmnosiokeHHE MIOOHHOTO
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Puc. 3.18. €ripbie» (clieBa) W BOCCTAHOBJICHHBIC [0 METOJAMKE cpabaTbiBaHus (crpasa)

BpeMeHnHbIe pacnpenenenus st oktantoB NA3 (@, b); NB3 (c, d); NC3 (e, 1).

nuka, P3 —c ¢ura. Bunno, 4to 6 yBenu4yuBaeTcs mpu nepexoe ot ciost A K

cinoro C, T.e. MO Mepe YBEIMYEHHs pa3Mepa CUETUYMKOB M PACCTOSHUSA OT

LIEHTpa B3auMojieiicTBuid. CpeiHee 3HaueHHE PACIIOI0XKEHUsI MIOOHHOTO MHKa

cocraBimsier —0.7 HC U OOYCIOBJIEHO TeM, YTO HAOOp CTAaTHCTUKHU IIEN B

aBryCTe — CaMOM >KapKoM Mecsitle, modTomy TO HaXOauIMCh B MaKCUMaTbHOM

otkionenuu ot O (cm. pasmgen 3.3.4.).

Ha puc. 3.19mnoka3zana 3aBUCUMOCTb MOJIOKEHUSI BPEMEHHOTO MUK IS

3apCTUCTPUPOBAHHBIX MIOOHOB OT BCJIWYUHBI BBICOKOT'O HAIIPSIKCHUA. HpI/I
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HanpspkeHnd B 100% nuk HaXxoauTCs B HyJE, a P YMEHBIICHUU 3HAYCHUS
HAMpPSDKEHHUST OH CMEIAeTCss B CTOPOHY OOJBIIMX BPEMEH, YTO CBSI3aHO C

YBEJIMYEHUEM BPEMEHH IIPOJIETA FJIEKTPOHOB B DIV .

—

T0, ns

A~ N OO N >~ O 0 O

85 90 95 100 105
HV, percents

o
(@)

Puc. 3.19. 3aBUCHMOCTH pPAcCHOJIOKECHUS BPEMEHHOTO TNHWKa JJII MIOOHOB OT BBICOKOTO
HanpspkeHus. CTaTuCTUYECKHe OMMOKKA M3MEPEHUH MEHBIIIE pa3Mepa TOUYEK.

3.3.4.M3y4eHue koppeasinuii Mexny apeiiom crucTeMbl CHHXPOHU3ALUHU
DO u 3nayennsivMu TO CHMHTHIJISIIMOHHBIX CUETYHKOB

Bricokas CcTaOMJIBHOCTH BPEMEHHBIX XapaKTEePUCTHUK
CIUHTWUISIIMOHHBIX CUYETYMKOB TMEpPEIHEH MIOOHHOW CHCTEMBI MO3BOJISET
UCIOJIb30BaTh CPEIHUE 3HAUYCHHS WX BPEMEHHBIX pacrlpeneieHui s
MOHUTOPHUPOBAHUS CTAOMIBLHOCTH CHCTeMbl cUHXpoHu3anuu DO B mpegemax
1.2-1.4Hc u 11 KOMIOEHCAIMU CE30HHBIX U3MEHEHUN CUTHAJIOB B JUIMHHOM
BOJIOKHE, HCIIOJIB3YEMOM JIJISI TIepeiad BpeMEeHHOro CurHasa.

Bpemsi, u3MmepsieMoe TpHW pEruUCTpallil MIOOHA B CHHUHTUUISIIMOHHOM
CUYETUMKE, 3aBUCUT OT BPEMEHHU MPOJIETa MIOOHA OT TOYKH 0Opa30BaHHS [0
CUCTUMKA, [JIMHBI CUTHAJIBHBIX Kabenel, YCTaHOBIIGHHBIX IapaMeTpoB
AJIEKTPOHUKHU U cuctembl cuHxponusauu DO. Jlns ynoOGcTBa HabmoaeHUS 3a
CTa0WIBHOCTBIO Pa0OTHl CUETUYHMKOB ObLIO BBeAeHO moHsTHe TO, KOoTOpOE
VUYUTBIBAET BCE BbINIENepeuncieHable ¢aktopel. TO — 3T0 Bpewms,
BBIPA)KEHHOE B HC, KOTOPOE HAJ0 BBIUECTh U3 PEAIbHO U3MEPEHHOTO BO BpEMSs

Habopa CTaTUCTUKH, 4YTOOBI MIOOHHBIM mNHK pacnonaraicas B O HC mpu
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OTIpe/IeNIEHHBIX 3HaYEHUSIX BPEMEHHBIX BOPOT. OTH 3HaueHus 10, xpaHsuiuecs
B DJJIEKTPOHHUKE pPabOYMX KOP3HH, PACIOJOXEHHBIX B 30HE CTOJKHOBEHUH
skcriepumenta DO, BBIUMTAIOTCS U3 JaHHBIX B PEKUME pPEaJbHOrO0 BPEMEHU
(on-line). s CUMHTHUTAIIMOHHBIX CUCTUYMKOB TIEPEAHEH MIOOHHOW CHCTEMBI
BenuunHbl TO onpeaeseHsl A CYETYMKOB KaXKA0W BHICOKOBOJIBTHOM TPYTIIBI
(nmuHa cUrHANBHBIX KaOelel CYeTYMKOB OJTHOM TPYIIIBI OJMHAKOBA). TOUHBIN
noabop /MHBI Kabenel u TmatenbHelii oroop @OV no BenuuuHe paboyero
HanpsDKEHUsT I CUETYMKOB OJHOM Tpynmbl 00eCredYusii  TOYHOCTh
onpezeneHuss U3HadanbHON BeanuuHbl TO ISl CUETYMKOB OJHOM IpyHmbl B
npeaenax 1 He. Tak xak Habop maHHBIX ¢ AeTekTopa DO umer B TeueHue
HECKOJILKO JIeT, HeOONbIIoNi apeid B KaKOM-IHOO U3 AJIEMEHTOB CHUCTEMBI
M3MEpEHUs] BPEMEHU NPUBOIUT K Apeiidy Benmuuunsl TO, T.e. K U3MEHEHUIO
PAacIoIOkKEeHUsT BpEMEHHOr0 MIOOHHOTO THKa oTHOcUTeabHO O He.

Puc. 3.18 HarmsagHO JAEMOHCTPUPYET, UTO  «CHIPHIE» BPEMEHHBIE
pacnpeneneHus Juis COOBITHM, MPOLIEAIINX MIOOHHBIM TpPUITEp IEPBOTO
ypoBHs L1, mms cimoee B uw C pgaror g0CTaToyHO TOYHOE 3HAYEHUE
pacroyioxkenuss BpemeHHOro mmka (puc. 3.18c m 3.1&). Ilpumencnwue
METOJMKH cpabaTbiBaHUs C ILEJIbI0 OYMCTKM OT (hOHA TPAKTUYECKU HE
usMensieT 3tux 3HadeHuit (puc. 3.18du 3.18f ). /Ins cnost A curyanus uHas —
00JIbIIIOE KOJMYECTBO (POHOBBIX COOBITHI HE JAaeT BO3MOKHOCTH TOYHO
OTIpPEAENIUTh MECTOMOIOKEHHE BPEMEHHOT0 NuKa 1o puc. 3.18. [lostomy mis
U3y4YeHUsl Jpeiia MIOOHHOTO BpPEMEHHOTO TIMKa B IIEpBOE BpeMs
UCIIOJIB30BAIIMCh  «ChIpbIe» gaHHbie oT cinoeB B u C. H3menenue
PAcIONIOKEeHUsI MIOOHHOTO BpeMeHHOro nuka s cioeB B u C 3a ron mpu
oTcyTcTBUHM KoppekTupoBkHu TO u cucremsl cunxponusanuu DO nzo0pakeHo
Ha puc. 3.20. Takoe wu3MEHEHHE MOXKET OBITh OOBSICHEHO CE30HHBIMU
U3MEHECHMSMU TeMIeparypsl. ECTb 3MMHMH M JICTHHH IIEPHOJIBI, KOTIa

TeMIlepaTypa HEKOTOPOE BpEMs OCTaeTCs NMpakTudecku nocrossuuow u TO mpu
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Puc. 3.20. M3meHeHHe pACIOJIOKEHHUS MIOOHHOTO BpPEMEHHOro THKa 3a TOJ TIPH
orcyrcTBur KoppektupoBku TO u cucremsr cuaxponnszanuu DO.

ATOM TPAKTUYECKU HE MEHsETCs. BECHOW e M OCEHBIO MPU  OTHOCUTEIHHO
pe3KOM M3MEHEHHMHM TeMIepaTryphl Tak e pe3ko wensercs u TO.
Curnan cucteMbl cuaxponusanuu DO nepenaercs o BOJIOKHY JJIMHONW ~ 2 KM
U pacmnoJiokeHHOMY Ha TiyomHe ~ 60 cM moj 3emiieild, T0O9TOMY OH MOMKET
ObITh YYBCTBUTEJIIEH K HW3MEHEHHIO Temrmeparypbl Bo3ayxa. Puc. 3.20
MOKA3bIBAET, UTO €ciiu Obl KoppekTupoBka 1o TO u cucTteMe CUHXpOHU3AIUU
DO ue nmpousBoaunacek, To aApeiid TO B Teuenune roga coctaBui 661 ~ 3.6HC.
CymiecTByloT /Ba BapuaHTa KOppeKTupoBkU 3HaueHudt TO. B teuenue
MEpPBbIX 2—3 JIeT TaKO€ HW3MEHEHHWE KOMIICHCHUPOBAJIOCH TEPUOIUIECKON
3arpy3koil HoBbIX 3HaueHuid TO, onpeneneuusix mo puc. 3.17b, 3.17d1 3.17f
st kaxaon u3 288 rpynm, B paboure KOp3WHBI JIJIsi BCEX CUETYHMKOB. B
JalbHEHIIEM e, TOCJe TOro Kak ObUI0 OOHapyX eHO, YTO OCHOBHOM U
nopassitomuid Bkiaa B aperd TO maer mpeiid cucremsl cunxponusanuu DO

M3-32 CE30HHBIX H3MEHEHMH TEMIIeparypbl B TOHHene TsBarpoHa U
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CBSI3aHHOTO C 3TUM M3MEHEHMsI CKOPOCTH MPOXOXKICHHUS CUTHaja B Kabere
CUHXPOHM3AINH, CTaJl HCIOJIb30BAThCA APYrod BapHaHT — KOPPEKTUPOBKA
aperipa cucrembl cunxponmzanuu DO na 1 Hc derblpe pasa B rofn,
OCHOBBIBACh Ha TEKYIIEM IIOJIOKCHHH MIOOHHOTO BPEMEHHOro MHKa
CUTHAJIOB CO CIMHTWUISILIMOHHBIX CYETYMKOB. OTOT BapHaHT Topasjio
MEPCIEKTUBHEH, TaK KaK OH peajnu3yeTcs MyTeM MPOCTOro MOACOCIWHEHUS
(nm u3BsATHS) Kabeas onpeaeeHHON UIMHBI K cucTeMe cuuxponu3anuu DO.
K Tomy e 3TOT MeTOJ KOPpPEKTUPYET BpeMsi HE TOJbKO JJIsi CHUCTEMBbI
CIMHTWUISILIUOHHBIX CYETYMKOB MEpeHEH MIOOHHOM CHCTEMbI, HO U JUIs

Bcero perektopa DO. Ipemnoskenuslit rpaguk BpeMeHHOH KOPPEKTHPOBKH

20+

15

o
o
il

=
i
i

Time, ns
-

LI
o Ln

S S S S WY Y N W

i
b

a da
m oo

-4.0 T T y T T T y T T T Ty | J
Mari May1i Jud 1 Bep i Hov 1 Jan1 Mar1 May 1
Date 2003 2004

Puc. 3.21. Anmpokcumarust apeiida MOOHHOTO BpeMeHHOro muka. [lIkana HopmupoBaHa
Ha BEJIMYHHY MOJI0KCHUSI BpeMeHHOro muka, monyueHnyo 24 ampenst 2004roa.

muHumusupyer gpeii¢ TO B TedeHwe roma M KOJUYECTBO TaKHX
koppektupoBok. KpuBas nHa puc. 3.20 wmoxer OBITh NPUMEPHO
anmnpoKCUMUPOBaHA IMATHIO MPSIMBIMH JMHUSIMH, Kak MMOKa3aHo Ha puc. 3.21.
28 ampenss 2004 roma Obuia mpous3BeAeHa KOPPEKTUPOBKA CHCTEMBI
cuaxponuzanuu DO, uToObl cmecTuTh HyNeBoil ypoBenb u3 —1.3 ue B O Hc.
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[Tocne aToro kapTuHa npuodpena Bu, n300paxeHHbI Ha puc. 3.22. Y100HO
JIeNlaTh YeThIpe KOPPEKTUPOBKH B TOJ: B alpesie ¥ Mae TeKyIEero roja B OJHY
cTOpoHy Ha 1 HC U B OKkTAOpe M HOAOpe B oOparHyro Toxe Ha 1 HC. Orta
npoueaypa, NpUMEHseMas YK€ Ha TNPOTSHDKEHUHM YeThIpex JIeT, JaeT
BO3MOXHOCTh (uKcupoBaTh 3HaueHus 10 B TeueHue roja B Mpeenax

1.2=1.4uc (ot —0.6...0.71c n0 +0.6...0.7HC).
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Puc. 3.22.I'paduk ce30HHON KOPPEKTUPOBKU cHCTeMbl cuaxpoHun3anun DO.

3.4. MonutopupoBanue padoTbl TIepelHell MIOOHHOH CHCTeMBI €
HCI0JIb30BaAHMEM 00Pa30BaHMA OIMHOYHBIX MIOOHOB

JIJis MOHUTOPUPOBAHMS CTAOMIBHOCTH pabOTHI BCEil mepenHell MIOOHHOM
CHUCTEMBI, COCTOSIIEH W3 CHUHTHWUISIHUOHHBIX TPHUITEPHBIX CUYETYUKOB U
MuHU-ApeidoBbix Tpyook MJT, B kommiekce ¢ paboOTONl MIOOHHBIX
TPUITEPOB M MPOTrPaMMbl PEKOHCTPYKLUUU HCIOJIB3YyETCS MPOLEnypa,
OCHOBaHHAasi Ha WM3MEPEHUU BBIXOJOB OJMHOYHBIX MIOOHOB. Kaxmeie 1—2
Mecsara npoucxoaut Habop ~100-150 Teicsu CcOOBITHIL, MPOIIEAIINX
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MIOOHHBI TpHUITEp IMEepBOro YypoBHs “Mulptxatlx”, xoTopsiii MO3BOJISAET
pPErUCTPUPOBATh OJMHOYHBIA MIOOH, HCIHOJb3ysd HWHPOpPMALMIO Kak C
TPUTTEPHBIX CUETYUKOB, Tak U ¢ M/IT. Otu cobbiTus nanee oOpabaThIBatOTCS
C UCIIOJIb30BAaHUEM IPOrPaMMBbl PEKOHCTPYKLIMU MOCIEIHEN paboueil Bepcuu.
[Tocnie 3TOrO0 Ha PEKOHCTPYUPOBAHHBIE COOBITHUS HAKIIAIBIBAIOTCS CIEYIOLINE
yclioBus 0TOO0pa:
1) BBIOMPAIOTCS TOJILKO COOBITUS B MEpEIHEH 00JIACTH MIOOHHOW CHCTEMbI
(6e3 1ieHTpanbHOM);
2) 3aperucTpupoBaHbl Kak MUHUMYM JiBa cpabareiBanus B M/IT B cioe A
¥ MUHUMYM 4eThipe B ciosix B u C;
3) 3aperucTpupoBaHO Kak MHHHUMYM OJIHO cpaOaThIBaHHE B CUCTYHKAX B
cinoe A 1 MUHUMYM J1Ba B ciosix B u C;
4) Xz >0 114 JTOKaIbHOTO MIOOHHOTO (DUTA;
5) zapsa yactuiel =x1;
6) momepedHslii HMIyIbC MIooHa P > 1.5 B/c.
Ot  kputepuu oTOOpa ObUIM BBIPA0OTaHBI HAa OCHOBE BH3YaJbHOTO
CKaHHUPOBAHUS PEAIbHBIX COOBITHH. D(PPEKTUBHOCTh TAKHX YCIOBHH ObLIa
ompezeneHa Ha ypoBHe 92+1% c npucyrcTBUEM (HOHOBBIX COOBITHI B
KoJuuecTBe MeHee, yeM 2%. TunuuHoe pacrpenesieHUue MO MONepEeyHOMY
UMITyJIbCYy MIOOHOB B TMEpEAHEH MIOOHHOW CHCTEME, KOTOpbI€ MpOILIU
MIOOHHBIN Tpurrep “Mulptxatix” u s KOTOpHIX BBHIIOJIHEHBI ycioBus 1—5),
npeacraBieHo Ha puc. 3.23. Beprukambmas uepra mpu P =1.5 I'3B

MOKAa3bIBACT IPUMECHEHHE yCIOBUS 6).
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Puc. 3.23. PacnpesiesieHre 110 MOTEPEYHOMY HUMITYJIbCy Py JUIA MIOOHOB TE€pemaHe
MIOOHHOM CHCTEMBI.

B KOHEYHOM HTOTE KOJIMYECTBO PEKOHCTPYUPOBAHHBIX MIOOHOB, MPOIIEAIINX
TpeboBanus 1—6), nenuTCs Ha BETUYUHY HHTETPAIbHOI CBETMMOCTH 3a BPEMsI
Habopa pgaHHbIX. Takum oOpa3om, ompenensercs BeIWYMHAa MIOOHHOTO
BbIXoda Yield = NuforW / Lum. B uaeanbHOM Cllydae 5Ta BEIMYMHA JOJDKHA
OBITH IOCTOSTHHOM.

Pe3ynbpraThl, mOMyYeHHBIE 3a TOCIEAHHUE JBA rOJld, B TEUEHHE KOTOPBIX
UCIIOJIb30BAJICS.  YCOBEPIICHCTBOBAaHHBIA ~ METOJ] pacueTra CBETHUMOCTH,
npescTaBieHbl Ha puc. 3.24,a HOPMUPOBAHHBIE BBIXOJIbI — Ha puc. 3.25.
CrnenyeT OTMETUTH, YTO B HPEAbIAyIIHE TOAbl ObUIO OOHApPYXKEHO, YTO
M3MEPEHUs] CBETUMOCTH MPOBOJIUIUCH HE COBCEM KOPPEKTHO MpH OOJIBIINX €€
3HaYeHUsX. M3MepeHus BbIXOJ0B MIOOHOB B 3aBUCHUMOCTHU OT CBETUMOCTH U
KOHTPOJIb 32 UX CTAOMJIBHOCTBIO MO3BOJIMINA, COBMECTHO C APYTUMU JaHHBIMH,
OOHapYXUTh M YCTPAHUTh HETOYHOCTH B U3MEPEHUSAX CBETUMOCTH.

PesynbraThl, mpencraBieHHble Ha puc. 3.24 u 3.25 OEMOHCTPUPYIOT
cTaOUIBHYIO paboTy MepeaHe MIOOHHOM CUCTEMBI 3a MOCIIEHUE JIBA TOJa B
npenenax 1%. Ha takom sxe ypoBHe (1%) pabGora cucrembl cTaOWIbHA B
3aBHCHMOCTH OT CBETHMOCTH (cM. puc. 3.26) mist auama3oHa CBETHMOCTH

(0.5-2.5)¢10* cm cex ™
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Single Muon Yields from July 2006 to June 2008. |
4.7

4.6

4.5

4.4
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Puc. 3.24 Pe3ynbraThl onpeneneHns BeIxo10B MiooHOB 3a 2006-2008.

Single Muon Yields from July 2006 to June 2008. |

1.08

T N — T o FiL(L000£0.002) b

_I | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
0.92
Jul/02 Oct/01 Dec/31 Apr/02 Jul/02 Oct/01 Jan/01 Apr/01 Jul/01
Date

Puc. 3.25. HopmupoBannsie BeIxoas! MiooHOB 32 2006-2008T.
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| Single Muon Yields. January 2008 |
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Puc. 3.26.3aBucHMOCTB BBIXOJ0B MIOOHOB OT CBETHMOCTH, M3MepeHHas B stHuBape 2008r.
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4. MiwooHHasi TpurrepHasi cucrema jskcnepumenta DO Bo

BTOPOM CeaHce

Oxwunasiieecs: nocie Moaupukanuu ToBaTpoHa YBETUUYEHHE CBETHMOCTH
U YHUCJIa TMPOTOH-aHTUIPOTOHHBIX B3aUMOJCHCTBUI B €IUHUILy BpPEMEHH, a
TaKXe CYIIECTBEHHOC YMCHBIICHHE BPEMCHHOr0 WHTEpBaIa  MEXIY
«Oanyamu» B ThBaTpoHEe TOTPEOOBATM  3HAYUTENIHBHOTO  yIIyUIICHUS
TpUrrepHoi cucreMbl skcrnepumenta DO ¢ Tem, yToObl B HOBBIX JKECTKHX
ycioBUsAX 3(PQPEeKTUBHO OTOUpPATh TPUITEPOM HHTEpecyromue (u3nIecKue
MPOLIECCHl U MPHU 3TOM 3HAYMTEIHHO MOJABIATH (OHOBBIC peakuuu. Hoas
TPUITEpHAsi CUCTeMa JJIsl BTOPOTO ceaHca Ha THBAaTpOHE COCTOUT U3 TPex
ypoBHeW. Ha kaxaom mnocienyromeM ypOBHE AHAIMU3UPYETCS MEHbIIEE
KOJIMYECTBO COOBITHI, UeM Ha MPEbIIyIIEM, HO TIPH 3TOM MPOBOIUTCS OoJiee
CIIO)KHBIM M JIeTalbHbIN aHanu3. Pe3ynabraroM paboThl YMCTO 3JIEKTPOHHOTO
Tpurrepa nepBoro ypoBHs (L1) siBisieTcst MOTOK JaHHBIX ¢ 4acToToM 2 KI'II.
Ha Bropom ypoBHe (L2) oyieKTpoHMKA C YK€  BCTPOCHHBIMH
MHUKpOTIpOIIECCOPaMH,  CBSI3aHHBIMU € OIpPEACNIEHHBIMU  JETEKTOpaMu
ycranoBku DO, mepenaer uHpopmanuio B TNIOOANBHBIN Ipoueccop, Tae
MOJIOKUTENILHOE PEIICHHE TpUITepa BbIpaOaThIBaeTCsl Kak C Y4ETOM
OTIENbHBIX 00OBEKTOB, Tak U UX Koppensuuil. Tpurrep L2 yMeHbIIaeT moTok
JaHHBIX I JajbHeilIero ananusa BaBoe, A0 ypoBHS 1 x['1. CoObiTus,
MOJIyYMBILIME TIOJIOKUTEIBHOE perieHne nociae TtpurrepoB L1 u L2,
nepenaTcs Ha (pepMy MHUKPOIPOLECCOPOB, TA€ MPOUCXOAMUT YK€ ropaszio
0oJiee YTOHYEHHBIM W CJIOXKHBIA aHAIMU3 JAHHBIX, KOTOPBIM BbIpabaThIBAacT
HOJIOXKUTENBHOE pelieHue Tpurrepa Tperbero yposts (L3). [Ipu stom moTok
coObiTuit ymenbmaetrcst 10 50 ['. DTu coOBITHS 3aMUCHIBAIOTCS HA apXUBHBIE
HOCHUTENH JUIs ocieayromero punueckoro aHanusa naHueix Off-line. B aroii
rJIaB€ PaCCMOTPEH AITOPUTM TPEXYPOBHEBOTO TPUITEpa MIOOHHOM CHCTEMBI U

C/IeJIaH aKIICeHT Ha paboTy HOBOU pa3pabOTaHHOW U CO3AaHHOW NPU AaKTUBHOM
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Y4aCTUHU JUCCEPTAaHTAa CHUCTEMbl CHUHTHWUISIUOHHBIX CYETYMKOB B 3TOM
MIOOHHOM Tpurrepe skcnepumenta DO.

Tpurrep mnepBoro ypoBHS KaXJOM IIOJACHCTEMBI IIPOBEPSET KaXI0€
pErucTpupyeMoe CoObITHE Ha HAJIMYUE XapaKTEPHOTO ISl 3TOM MOJICUCTEMbI
cpoiictBa. Tak, mampumep, tpurrep L1Cal B kanopumerpe ompezaensier
CYMMAapHO€ IOIEPEYHOE IHEPIOBbIICICHUE B KAIIOPUMETPE U JIENAeT BBIBOJ,
[IPEBBIIIAECT OHO IIOPOrOBOE 3HAYCHUE WIH HeET. LleHTpanbHBIM TPEKOBBIN
tpurrep L1CTT u wmioonnsii tpurrep L1Muon pacnos3naioT Tpeku u
MPOITYCKAIOT T€ COOBITUS, B KOTOPBHIX NPEBBIIICH YCTaHOBJICHHBIN MOPOT IO
MOTIEPEYHOMY MMITYJIbCY. Bee coObiTus, oxuaaroniue pemienus tpurrepa L1,
HaxoaaTcs B «pipeline» u, takum 00pa3oM, JalOT MHHUMAIbHBIA BKJIaa B
MEPTBOE BPEMSI JIEKTPOHUKHU BBIPAOOTKH TPUITEPA.

OcHoBHas tpurrepHas uHdpactpykrypa DO (DO Trigger Frameworkuiu
TFW), kotopast sABIsSCTCS HMCTOYHHUKOM BPEMCHHBIX CHUTHAJIOB M CHUTHAJIOB
KOHTPOJISI JIJIs1 BCETO HKCIIEPUMEHTA, COOMpaeT olu(poBaHHYI0 HHPOPMAITIIO
c tpurrepoB L1 kaxmoil moacucTeMbl M NMPUHUMAET pEIIeHHE Ha oO0IIeM
TpurrepHom yposHe L1, cneayer nu nanee mszydaTh manHoe coObitue. TFW
MOCHUIAET BETO-CUTHAIIBI, KOTOPBIE MOTYT OJIOKMPOBAaTh BHIPAOOTKY TPUITEPA,
a TaKk)Ke OCYIIECTBIISIET IIKanupoBanue («prescaling»)ex THIIOB TPUITEPOB,
KOTOpBI€ BBIPaOATHIBAIOTCA ¢ OOJIBIION YaCTOTOM M MOTYT «3a0UBaTh» OoJiee
pEAKuE MPOIIECCHI.

Bce paboune KOp3MHBI C SJEKTPOHUKOW, HAXOMSALIUMECS B 30HE
CTOJIKHOBeHUH 3KkcniepuMenTa DO, CHHXpOHU30BaHBI C YaCTOTON YCKOPUTENS
(53.1047 MTI'i) [32]. «banuym» KOJUTAWAEpHOrO IydKa pasaeieHsl Ha 21
nepuon yactothl (396 He). Cemb meproaoB yacToThl (132 HC) MCMONIB3YIOTCS
kak eauHuiia BpemeHu [FW. Bcero ¢ nawama mpomexyTka 0e3 YacTHIL,
UCIOJIb3YEMOTO JJIsi CHHXPOHHU3alMH, €cTh 159 Takux HMHTEpBaioB BOKPYT
onHOM opbuthl yckoputens. CeapmMoe TIepecedyeHHe I0ocie  Havana

NpOMEXyTKa O0€3 4YacTHI COAEPKHUT TEpBBIM «DaHY» € YacTULAMHU.
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VYcTaHoBNeHHasT 3aJiep’KKa MEXAY CTOJKHOBEHHEM ITyYKOB M IPHUXOA0M
TPUTTEPHOTO CHUTHAJIa MepBOTO ypoBHA OoT cuctembl L1 na TWF cocrasnser
25 untepBaios mo 132uc (cMm. puc. 4.1).

Tpurrep nepsoro ypoBusi L1IMuon unenTuduupyer MIOOHbI, UCIIOIB3YS
uHPOPMALIMIO €  MIOOHHBIX  MPOBOJIOYHBIX  Kamep,  MIOOHHBIX
CIMHTWUISIIMOHHBIX ~ cuetunkoB u Tpeku u3 LICTT. Dnexkrponuka
paccurTaHa Ha PErHCTpalMIoO U aHAIU3 B OAHOM IEPECEYEHUH MMPOTOHHOTO U
aHTUNPOTOHHOTO «Oanuei» 10 60000 kaHamoOB JETEKTOPOB MIOOHHOM
cucteMbl u 10 480 tpexkoB uz L1CTT. [lanHble ¢ mepBUYHON «HAT-
JETEKTOPHOI JJIEKTPOHUKH (C KOP3HH, HAXOISIIUXCS B 30HE CTOJIKHOBCHUI)

nepeaaroTcs Mo OBICTPHIM ONTHUYECKUM BOJIOKOHHBIM KabOensM ¢ 4acTOTOM

Tevatron RF
Tev Sync
GAP
DO Trigger
25T Framework
—
z w
k] T
L1 _[® <
29 g3
5|8 El -
1
‘ |
\ GAP g 8}
\ © w
\ M
4 7T : —
SGAP S/ /, i Boam
/' ( ! Delay
i ! !
i PR _E ______ Timing
DO i ; o2 Logic .
! Pipeline MR
Detector - E?e|$y | _____L3Data___,|
T=132ns Front-End Electronics

Puc. 4.1. Bpemennés crpykrypa sxcriepumenrra DO. Kpyr oTroGpakaeT KOJIBIIO YCKOPHUTEISE
ToBaTpoH, 3aMOJHEHHOTO «QaHYaMm» YacTUI] (CIUIONIHAS JINHUS) U CBOOOIHBIC OT YaCTHI]
MPOMEKYTKH, UCIIOJIB3yEMbIE [Vl CHHXPOHH3AIUH (ITYHKTHPHBIC JIMHUH).
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1 I'6ur/cex. [TomHOE Bpems Ha BBIpaOOTKY TpHUrrepa nepsoro yposus L1Muon
coctaBisieT 3.3 MKCEK U OMNpEAeNseTcs, B OCHOBHOM, IIEHTPaJIbHBIMU
MPONOPLHUOHANTBHBIMY JIpeiioBbIMU TpyOKaMu U Tpekamu u3 L1CTT.

Tpurrep BTOporo ypoBHs L2Muon ucnonb3yer KaauOpoBKy u Oojee
TOYHYIO BPEMEHHYIO MH(OpMAIMIO JUIs YIy4YIIEeHUs] KauecTBa KaHAUJIATOB B
MiIOOHBI. OH moslydaeT MH(POpPMAIMIO C BBIXOJAa TPUITEpa IEPBOTO YPOBHS
L1Muon u nannbie co 150qu «HaA-IETEKTOPHBIX» MOAYJIEH AIEKTPOHUKU C
MPOMOPLUHUOHANBHBIX JIpeHPOBBIX TPyOOK, MHUHHU-APEH(OBBIX TpPyOOK U
CHMHTWUISILIMOHHBIX CYETYMUKOB. JlJI KaHIWUIATOB B MIOOHBI ONPEICISAIOTCS
3HAYEHUE TIOMEPEYHOTO HMITyJIbca Pr  COOTBETCTBYIOLIETO TpeKa, €ro
NCEBAOOBICTPOTA 1| U a3UMYTAIBHBIA Yroa ¢, a TakkKe KpPUTepUil KauecTBa
OIUCAHUS TPEeKa U BpEMEHHas HH(OpMAIIUS.

Tpurrep tpetbero ypoBHs L3 mpoBOAMT JOMOTHUTENbHBIH KPUTHUECKUI
aHaJIn3 COOBITUH, MOCTYMUBIIUX TOCJE MOJOXKUTEIBHOTO PEIICHUS TPUTTEpa
BTOPOro ypoBHs L2, /st 3amucu pasyMHOTO 4Yuciia COOBITHI Ha apXUBHBIE
HOCUTENM MW g oforameHus dSTod uHGOpPMAUU COOBITUSIMU  C
MHTEepeCyloIMMH  (pu3nueckumMu mpoueccamMu. Kak yxke ymnoMHHAIOCh, €
BbIXoJa Tpurrepa L2 na tpurrep L3 mocrynaer moTok AaHHBIX ¢ 4acToTou 1
k[, a Tpurrep L3 yxumaer ero qo 50 I'u. Tpurrep L3 Moxker TpaTuth 10
235 Mcek Ha coObITHE Il PAacHaKOBKH HH(POpPMALUU, PEKOHCTPYKLUU U
aHanusa. Pemenne tpurrepa L3 ocHoBaHO Ha aHanm3e GU3NYECKUX 0OBEKTOB
U UX CBS3IX MEXKAY co00# (Takux, HampuMmep, Kak MHBapUaHTHAs Macca JABYX
00bekToB). HpOpMAIUs ¢ MPOBOJIOYHBIX ICTEKTOPOB M CHUHTUIUISIIHOHHBIX
CUETYHMKOB MIOOHHON CHUCTEMBI HCIOJIb3YETCs sl PEKOHCTPYKLUHA MIOOHHBIX
TPEKOB BHYTPH U 3a MpeAesiaMd TOpOuAalbHOro Marnuta. dopmupyercs
TPEX-UMIyJIbC KaHAHAaTa B MIOOHBL. Tpurrep L3 ymnyumraer kadecTBo
MIPOBEJICHHOTO MPEABIAYIIUM TpUrrepom L2 ortaenenuss MooHa U3 JTaHHOTO

KOHKPETHOTO aHaJIM3HPYEMOro COOBITHS OT MIOOHA U3 JPYroro BPEMEHHOro
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uHTepBasa. Jlng  3TOro  HWCmojb3yercs HUHPOpMamuss C  CHCTEMBI
CHMHTWUISIIIHOHHBIX CYETUYHUKOB.

TpexypoBHeBasi TpurrepHasi CUCTeMa MIOOHHBIX JI€TEKTOPOB YCTaHOBKHU
DO ¢ 3aMeTHBIM HCIIOJIB30BAaHMEM HH(MOPMAIMK C CO3JaHHOW CHUCTEMBI
CIMHTWUISILIMOHHBIX CYETUYHUKOB YCIIEIIHO U HAJEKHO OTpaboTana B TeUEHUE
Oonee ceMH JIeT BTOPOrO ceaHca Ha T13BaTpoHE U Jaja BO3MOXKHOCThb
MIPOBECTU YHHUKANIbHbIE pu3nueckue ucciaeaoBanus. O06 0JTHOM TaKOM BaKHOM

WCCJIEIOBaHUU OYJIET pacCKa3aHo B CIICAYIONICH TilaBe qUCCepTaIUu.
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5. OTKpBITHE CTPAHHOI0 KACKAJAHOr0 0apuoHa =, (dsb) mpu
HCIOJIb30BAHUM CHCTEMbI TPUITEPHBIX CHUHTHILISIIHOHHBIX

CYCTYUKOB

Pabora wmroonHoro perexkropa skcnepumeHta DO Bo BTOpoM ceaHce
MOKAa3bIBAET, UTO IIE€JM, IIOCTaBJIEHHBIE TIEpe] YCOBEPIICHCTBOBAHHOMN
ycTaHOBKO#, Obutn mocturHyThl [33-35]. PacmpeneneHue HHBapHaHTHOM
Macchl MIOOHHOM Maphl, COOTBETCTBYIOIIEe MHTEerpaigbHoi cBerumoctu 0.20
$6™, npencraBnenHoe Ha prc. 5.1, IEMOHCTPHPYET OTIHUYHBIC BO3MOKHOCTH

0 TPUTTHUPOBAHUIO U I/II[GHTI/I(I)I/IKEII_[I/II/I MIOOHOB IIpU TOMOIIHM MIOOHHOTO

60000

V| Iy DJ
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40000

>

]
'\

30000 Y (1S, 2S, 3S)

20000

Events / 20 MeV/¢é

10000

/\\s_h\
0 2 4 6 8 10 12

Invariant (1" 1) mass [GeV/cz:]

Puc. 5.1. Pacnpenenenne MHBapuaHTHOW MacChl MIOOHHOW Iapbl, COOTBETCTBYIOILEE
unTerpamsHoii ceernmoct 0.20¢6™

JIETEKTOpa, YTO MPHUBEIO, B YaCTHOCTH, K OTKPBITHIO KackagHoro = (dsb)
OapuoHa — MepBOM YACTUIIBI, COCTOSIIEH M3 BaJCHTHBIX KBApPKOB BCEX TpPeEX
U3BECTHBIX MOKOJICHUHM.

KBapkoBass Mmozenb aaponoB [36] mpeackassiBacT —CyHIECTBOBAHUE
0apHOHOB, cojepkalmx b KBapk ¢ MEpapXHUECKOW CTPYKTYPOH, MOA0OHOM
CTPYKType OuYapoBaHHBIX OapuoHOB. HecMOTps Ha 3HAUMTENBHBIN MPOTrpecc
3a MOCIEAHEE IECATHICTHE B H3yYEHHH aIpOHOB, coaepikamux b KBapk,

yIaI0Ch OOHAPYKUTh TOJBKO OJMH Takoi OapuoH, a mMmeHHo Ap (udb).
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CrpanHblii KackaaHblii OapuoH Zp (dSD) coCTOMT M3 BaJEHTHBIX KBApKOB
BCEX TpPEX M3BECTHBIX IMOKOJCHHHA M paClagaeTcs, Kak OKHUIAeTCs, depes
cmaboe  B3ammojeicTBHe. TeopeTHYecKWe  BBIUMCICHHS B paMKax
3¢ (hEeKTUBHOM TEOPUH TSHKENBIX KBapkoB [37] u HepensatuBuctckoir KX/ [38]
NpeCKa3bIBAlOT MacCy =y, OapuoHa B AuanazoHe 5.7-5.81B [39].
OxcnepumenTsl B IEPH Ha e'e” koJutaiinepe LEP nonoxumm o kocBeHHOM
HaONIOJIeHNU E  OaproHa, OCHOBAHHOM HA MPEBBIIICHUH B CTPYSIX COOBITUN
C KacCKaJHbIM OapHOHOM M JICHTOHOM OJHOTO 3Haka 3apsma, = wu | [40].
OOBsCHSST 9TO MPEBBIIICHHE POXICHHEM C IOCACAYIOIIMM  IOJy-
UHKJTIO3UBHBIM ~ pacmagioM Zp —E | ve X, ObLIO OmpeaeneHo cpeaHee

BpeMsl JKM3HH Zp pPaBHOC 1.42°%% ,, nukocekyuna [41]. B 2007 r.
skcriepumMeHT DO fomoxkun o mnepBoM NpsMOM  HAOJIOIEHUH CTPAHHOTO
KacKaJHOTO OapHoHa &, B MOJHOCTHIO PEKOHCTPYHPOBAHHON HKCKIIIO3UBHOMN
Moje pacmana. beur obHapyxkeHn pacman Z, —JAy Z, rae JyopuT wu
E—o>An,a A—>pmn (cMm. puc. 5.2). Ousnueckuii aHAIN3 JaHHBIX OCHOBAH
Ha CTaTUCTHUKE, HaOpaHHO# Ha ycranoBke DO B 2002-2006rr. npu sHepruu
MPOTOH-aHTUIIPOTOHHOTO B3aMMOJECHCTBUS B cucTteMe IieHTpa macc 1.96 T>B
C UHTErpajbHON cBeTUMOCThIO 1.3 (1)6'1. HaunbGonee BaXHBIMH JETEKTOpaMu
JUIA PEruCTpali CTPaHHOI'O KAacKaJHOro OapuoHa SIBJSUIMCH LEHTpajbHas
TpeKoBasi CHUCTEMa W MIOOHHBIA crekTpomeTp. Hapsay c¢ apeiigoBsiMu
TpyOKaMH  MIOOHHOTO CIIEKTpOMETpPa  TPH  CJOS  TPUITEPHBIX
CIMHTWUISIMOHHBIX ~ CUETYHMKOB, OIMCAaHHBIX MOJAPOOHO B  JaHHOH
JUCCEPTAIluy, CBHITPAIM PEHIAIONIYI0 POJib B OOHApyXKeHUH X, OapuoHA.
HMMeHHO cucTeMa CUMHTUIUIALMOHHBIX CYETUMKOB MIOOHHOTO CIIEKTPOMETpa
BbIpabaThiBajla TPUITEp HA JBa MIOOHA, TJIe <3OJIOTas» MoJa pacraja

Jhy—p U~ o6pasoBhIBaa aHCAMOIIb OYEHb PEIKUX cOOBITHIA THIIa B—JAY X,

IIPU aHAJIM3€ KOTOPHIX U ObLT OOHApYKEH CTPAaHHBIA KacKaJHbII OapuoH Zp
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Puc. 5.2.Cxema pacnana 6apuoHa Zp . A u = GapMOHBI MMEIOT JUIMHY pacraga nopsiaKa
cM, a Ep OapHOH — MOPSIKA MM.

B aTux coObITHSX CHauana peKOHCTpyupoBaniach uactuiia JAy B Moje
+ — (v
pacmanga Ha [ . 3aTeM B COOBITHSX C HaWaeHHBIM JAy mckaics A-THrepoH
0 €ro pacnajay Ha MPOTOH U T W, HAKOHEIl, = B €r0 paclaje Ha HalICHHBIN
A-runepon u 1 . [locie HEOOXOAUMBIX KOPPEKLUMNA pa3pelIeHus] yCTaHOBKU
0 Macce CTpOWJIach MHBapuaHTHas macca JAy u = . B pesynbrate ObLIO
v +1.9 - =
Haiimeno 15.2 £ 4.4 ¢rat.ommbka) g 4 (CHCT. o1MOKa) KaHAUIATOB B Ep €
maccoir 5.774 £ 0.011ldfrar.omubka) £ 0.015 €uct. ommbka) ['5B. Yposens
JOCTOBEPHOCTH HAOJIOJICHHOTO CHTHAlIa COCTaBWJ 5.5 G, YTO SKBUBAJICHTHO
8
BeposTHOCTH 3.3010 ° TOro, 4To 3TOT CUTHAJI MOXHO paccMarpuBaTh Kak
¢nykTyanmoo (GoHa B CIEKTPe HHBAPHAHTHBIX Macc 4dapmoHus JAy u
0OBIYHOTO KackagHOTO OapuoHa = . OU3WYECKUd aHAINU3 JAaHHBIX MOJIPOOHO

omnucad B padote [6].
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3aKJII0UYeHHe

JluccepraliuoHHas paboTa MOCBAIIEHA CO3AaHHIO TPUTTEPHOTO JETEKTOpa
nepeHel MIOOHHOM CUCTEMBbl HA OCHOBE CUMHTMWJUIILIMOHHBIX CYETUHUKOB JJIsI
sxcnepumenta DO wa yckopurene Tasarpon (Pepmumiab, barasus, CIIIA).
Ora cucrtema u3 4214 CHUHTWUISIIMOHHBIX CYETYMKOB ObUIa paspaboTaHa u
noHocThi0 co3gaHa B [HI[ MDBD B 1998-1999 rr. mpu 3HauuTEIHHOM
BKJIaJIe AMCCEPTaHTa, nepeBeseHa B Gepmuiiab 1 BBEJEHA B COCTAB yCTAaHOBKHU
DO ko Bropomy ceancy TsBarpona, HawyaBmemycs B 2001 roxy. Jlerexkrop
TaKOro MaciTaba BIEPBBIE UCIOJIb3YETCS B KOJUIAWAEPHBIX HKCIIEPUMEHTAX.
[Ipouenypa pa3pabOTKu CHUCTEMBI, BBIOOpPa KOMIIOHEHT, CTPYKTypa
MUHUMAJIBHOTO MOJYJsi U Pe3yJdbTaThl CTEHIOBBIX HCIBITAHUNA OKTAHTOB
OIMCAHBI B IUCCEPTALIHH.

OxmunaBiieecss BO BTOPOM CeaHCe YBEIMUYEHHE CBETUMOCTH Oojiee yeM Ha
MOPSAJIOK M YHUCJIa MPOTOH-aHTUIPOTOHHBIX B3aUMOJICUCTBUN B EIUHHUILY
BPEMEHH, a TaKXe CYIIECTBEHHOE YMEHBIICHHE BPEMEHHOTO HHTEpBaja
Mexny «OaHuamu» B TaBaTpoHe MOTpeOOBaIM 3HAUMUTEIHHOTO YIyUIICHUS
TpUITEpHON cucTtembl dkcriepumenta DO ¢ TeM, 4TOOBI B HOBBIX >KECTKHX
ycioBUsAX 3(PQPeKTUBHO OTOUpPATh TPUITEPOM HHTEpecyromue (Uu3nIecKue
MPOLIECCHI ¥ TIPH 3TOM 3HAUMTEIBHO MOJABIATh (hoHOBBIE peakuuu. Cucrema
U3 TPUTTEPHBIX CUMHTUIUISIIMOHHBIX CUETYMKOB, YCHEIIHO OTpaboTaBIlas B
TeueHHe 0oJiee CeMU JIET B COCTaBE TPEXYPOBHEBOTO TPUITEpa IKCIEPUMEHTA
DO, mnosHOCTHIO YIOBJIETBOpPUJIA HOBBIM TPEOOBAHUSM DKCIIEPUMEHTA.
Pa30poc BpeMEHHBIX CHUTHAJIOB JETEKTOpa CO BCEX CUETYMKOB COCTABHJ HE
6onee 2.5Hc.

Brbicokasi  cTaOMJIBHOCTP  BPEMEHHBIX  XapaKTEPUCTHUK  CO3/IaHHOTO
JETEeKTOpa TMO3BOJISIET OTCIEKHBAaTh W KOMIIEHCHPOBATh TEMIIEPATypHbIE
M3MEHEHHUSl HMMITYJIbCa CHUHXPOHM3AIMM OT THBaTpoHa, 3aJalollero Hayao

oTcuera BpeMeHH 15 Bcex jaerektopos DO.
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B nuccepranmu u3nokeHa TpolLeAypa CBETOAUOTHOM  KanHMOpPOBKHU
CIMHTWUISILIMOHHOTO JeTeKTopa, BrepBbie mnpumeHeHHas B 2001 r., u
npencTaBieHbl  pe3ynapTaThl  KamuOpoBok 3a 20012008 rr. Cpennee
OTKJIOHEHHE 3a CEMb JIeT paboThl aMIUIUTY/l CUTHAJIOB, ycpeaHeHHoe no 4214
cuyeTyukaM, He npesbimaer 4.2% c ¢ pacnpeneneHus 3TUX OTKJIOHEHUU MO
BCEM cyeTuynkam okojo 12%. 3a 3TOT ke Nepuoj CHUTHajbl OCTAIUCh
cTabunpHpIMM BO BpemeHu B mpeaenax 0.2 HC ¢ G pacmpenencHus
otkynoHeHui 0.6 He.

Taxxe u3noxkeHa pa3paboTaHHas MPU AKTUBHOM yYaCTHHU aBTOpPA METOJIMKA
KaJTMOPOBKM JETEKTOpPA, OCHOBAHHAs HAa M3MEPEHHHM OTKJIMKAa CUETYMKOB Ha
MPOXO’KIACHUE Yepe3 HUX MIOOHOB, 00Pa30BaHHBIX B MPOTOH-AaHTUIIPOTOHHBIX
CTOJIKHOBEHUsIX Ha yckoputene TaBarpoH. Takas kamuOpoBKa BakHa [JIs
MCCJIEIOBAaHUSI KOMIUJICKCHOM CTaOMUIBLHOCTU PabOThl CUETYHKOB, MOCKOJIBKY
IIPU 3TOM MPOBEPSIOTCS HE TOJIBKO CTA0MIBHOCTH PAab0Thl (POTOYMHOKUTEEH
U DJIGKTPOHMKH, HO U CHUHTWUIATOpa U Tepeusiiydyaresieil CrekTpa.
[IpencraBnensl pesynbrarhl KanubpoBok 3a 2002-2008 rr. Crapenue Bceit
CUCTEMBI CUETUHUKOB cocTaBigeT He Oosiee 1.5% B rox, uro obecrieunuBaer ee
JIOJTOCPOYHYI0 padory. [IpoBonuMble peryiaspHO B TEUYEHHE CEMHU JET BO
BTOPOM CeaHce TaKue paboThl Kak KaIMOpOBKa Ha CBETOJMOIaX U KaIUOpPOBKa
HAa MIOOHaX [0 NpoUeAypaM, H3JI0KEHHBIM B JaHHOW JUCCEepTaluH,
MPOJEMOHCTPUPOBAIN  CTAOMJIBHOCTH ~ PabOThl  CHUHTHUISILIHOHHOTO
TPUTTEPHOTO JETEKTOpa MepeaHeil MIOOHHOM cucTteMbl yctaHoBKH DO no Bcem
TpeOyeMbIM mapaMeTpaMm. TeM caMmbIM ObUTa oOecredeHa HaJeXKHOCTh BCEX
(bu3NYecKux pe3ysbTaToB dKcniepuMenTa DO, moTyd4eHHBIX ¢ UCIIOIb30BAHUEM
3TOTO JIETEKTOpA.

B nuccepramuu Takke NPEACTABICHBI PE3ylIbTaTbl MOHUTOPUPOBAHUS
CTaOUIBHOCTH BCEW mepeaHell MIOOHHOHM cucreMbl skcnepumenta DO c

HCIIOJIB30BAHUECM BbBIXOJOB OJMHOYHBIX MIOOHOB. Cucrema craOwibHa B
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npenenax 1% Bo BpemeHn u B auarnasone cserumoct  (0.5-2.5) 010% cm™
cex ™.

Taxxe B paboTe onucaH OAUH U3 BaXHEUIIUX (PU3NUECKUX PE3yIbTaTOB,
MOJIyYCHHBIX B 3HAUYMUTEIBHOW Mepe Osarojapsi HaJexKHOW paboTe CHCTEMbI
TPUITEPHBIX CYETYUKOB — TMPSIMOE HAONIOICHHE CTPAHHOTO KAacKaJHOTO
Oapuona Ep (dsb)c maccoit ~ 5.7713B — nmepBoii 4acTHIIbI, COCTOSIICH M3
BaJICHTHBIX KBAPKOB BCEX TPEX M3BECTHHIX MOKOJICHU.

B 3akmroueHue aBTOp CYMTAET CBOMM MNPUATHBIM JIOJTOM MOOJIarolapurh
HAYYHOTO PYKOBOJHUTENS AHMCCEPTAlMM KaHauaaTa (PU3MKO-MaTeMaTHIECKUX
Hayk Banepus Hukonaesmua EBnmoxkumoBa 3a OONBINON WIEHHBIN BKIA] B
paboTy, KoTOpas 37eCh MpeACTaBlIeHAa, TMOJACPKKY U BHUMATEIHHOE
PYKOBOJICTBO.

ABTOp Takxke BechMma npusHaTesneH B.A. bessy6osy, U.H. benskosy, I1.1.
lanyxy, C.H. I'ypxueny, [.C. leaucoBy, b.H. [{pi6uny, C. A. 3BAruHIeBy,
A.B. Kozenosy, B.B. Koncrantunoy, B.M. Kopa6neBy, C.A. Kynukoy,
B.B. Jlunaery, B.M. IloacraBkoBy, A.B. IlonoBy, A.H. Pomananosy, /[.A.
CrosHoBolt, A.B. ®epanontoBy, WU.H. Uypuny, W.B. IlIBaGoBuuy, A.A.
[IlykuHy 3a aKTMBHOE Y4acTHE€ B HCCIEIOBAHUAX [0 TEME AUCCEPTALMH U 3a
UX BKJIaJl B MOJIyY€HUE U aHAJIU3 SKCIIEPUMEHTAIIbHBIX JaHHBIX.

OcoOyto 6JyiaroJapHOCTh aBTOP BBIpaXkaeT wieHy-koppecrnonaeHty PAH
Cepreto IlerpoBuuy [leHncOBYy 3a NOCTAaHOBKY 3aJauyd U IOCTOSIHHOE U
n00poKenaTeIbHOe BHUMAHUE K HCCIEIOBAaHUSAM, KOTOPBIE JIETJIM B OCHOBY
JUccepTaluu.

ABtop Omaronapen pykoBoactsy I'HL[ M®BD 3a momnepxky Haiiero
ydacTds B OKCIEpUMeHTaidpbHOM mporpamme DO, B pamkax koTtopoi
BBIIIOJIHEHA HACTOALIAs AUCCEPTALMs, a TAKKE COTPYJHUKAM YCKOPUTEIbHBIX
u TexHuueckux mnonpasnenenuit ®HAJI, deTkas paboTa KOTOPBIX cienana

BO3MOXHBIM NpoBeaeHue skcnepumenta DO.
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